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CHAPTER 1

—Hizhy Python EREEE

1.1 — &R
1.1.1 {+[F/& Python?

Python J&—TE E A, HEIW. PSR GERES . BEG T4, Fsh. B)REAI[E (dynamic
typing). AR MR REEORIE], AKX class (). ©HESC IS AR st A 2 R Rt
JJ?E%B WJ!ID?‘FIF?T (procedural) A1E% 37k 5 (functional) Feistit. Python & 6y 1 i 2 RESLAE I T
PR, THEZ RGP E R ERE, ARS RS E RS, [EHAE C o C++ R AR,
LTU\?EI~@1E3EHH:., A FRZ A XA (programmable interface) ) fE I . 4%, Python
ZA[[EY (portable): B REMEATHERTZ Unix [K558% |, 4% Linux Al macOS, tHAE#ESTHE Windows |,

A Z[EZ, #H ttorial-index Fff. Python #5534 15 1 ml i 45 2 HoAth A 4H 5 082 DA % £235 Python
&R

1.1.2 /& Python (ki E L& ?

Python ¥ #4 5t 4> (Python Software Foundation) & —{# 7 FY I I 4H4% , ‘©#EA Python 2.1 fiRHil 2 1%
FAS I RE . PSF [ i iy 7E A 1E 2 Python F2UEEHTHE S AH B BRI F2 187, DA H 8 Python (1)
H. PSF 15 E /4842 https://www.python.org/psf/,

TEFE B4 PSF 2 RE . WRAREET T Python HESBIEMRA M, 52 PSFJHik e mE e M 5=ik.

1.1.3 {EF Python B35 {E faT ki 4 PR W% ?

PRAT DA IR AU A R RS et , SR O B RRE, [ ELAEARIEWER (LA B 7% Python [y )R] SC 4
SN E LU AR AT o ARAR ST FORERL A TJETU\}I% Python AT, PARUGHSEL it hlp (&
Pl AR E) #5145 Python (EIA, i DASERETE S B [E) Python fEN . B8K, FRAMUISR € AHZEMIH
A7 1 Python Fi3E li% .

a2 B FHE A, AR ERAREIR PSF $2HE 4 Sy
Python LR EIEIRIHE, 75 E T2l 4t ﬁHb 7 2 [ B 60T K AU SE 2 L



https://wiki.python.org/moin/BeginnersGuide
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https://docs.python.org/3/license.html
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1.1.4 E#EMHE Python S#8liEH 3 ?
PAF 22 H1 Guido van Rossum FIF#£55 B8 — I Q0] BR 46 Y 3 7 il R i i -

FoAe CWI i) ABC /ML A B4 ELRR A 5 7 TR S8 A, i B/ DAL B4, R
FITARZ B BT RIGN. JE 272 Python INREMVEIR, WG SrHREEA THGA >0 4L
PARIAART M%%ﬂﬁl(lﬁﬁﬂmm¢m%?%5@7ﬂ)

¥ ABC 555 ~M¢ , HEOEEENHFZI6E. HEERT ABCHES (BUILEE) K
f%&mmwa m HE L, ez EREME R AWM EZ — A
Modula-2+ [{) Z8Ef , @ﬁMmmam&ﬁﬁx&ﬁ,IIETMmmsmﬁgoMmmSﬁ
& B 4b K 5 5h—2E Python T BB A FEE R EEFE AL IR o

FREREIEAE CWI Y Amoeba 73 HzU/ESE R H/INVEL T AE . FoMMFRE-—MH k4% C #£:(5k Bourne
shell [FIA F 471 5 ¥ 3K AT R 55453, HIE) Amoeba A5 [ OV & S5EIU A\ 16, T ‘2 4 v i B
Hi#¢ Bourne shell HEAT/7HL. FKAE Amoeba H i BEESFRAYALER , (IR DIHL B R EI 6 SMEERE
Kt EreE 5 Re R E A .

T kAT, —FEH A B ABC HURRVA(EA T DAFFIR Amoeba 28 SN i (EARE 5 1 BRI 2 7%
fioKe 3K T R4 R Amoeba HTREF R BARAY, BT, FOm 2T DABGZ SRy ol

o

15 1989 4B i U0, AWML A dikef, FroAFREE KB R — T 3 TR —FE,
HESRFE TR A3 R S SRAEEIE T 85 ), {H Python 7 Amoeba HLZE P i (I35 TG Z 1Y
SR, LIRS R 1o %t G SR EV e 3 i T 2 R Ot

1E 1991 4 2 H, &2 s, REE N B3RS USENET. HALRIEHE visc/

HISTORY FHZ,

1.1.5 /& Python ERHEE ?
Python J&—M 5 B . BBz AREERIRES . T RA ARARIE] 3 22 AN ) S 28 1) )

EEEE PR T AR ARME R R, W TR (IE#IRR . Unicode. #5522 [ 2(E5H
), LA (HTTP, FTP, SMTP, XML-RPC, mw\mmm\ﬁﬁlﬁ(ﬁﬁMﬁ\HEﬁE\
BT, FIAT Python FEXAG) AKAEERSGN I (RHIFI. HHR RS, TCP/IP fi)8 (socket)) 4K
. #EAA library-index (Y HIE), DA TA#RT AR %%,%ﬁ%ﬁ%ﬁ%%zﬁ%ﬁoﬁﬁﬁwmm
£(425]| (Python Package Index) 3R A FLER L.

1.1.6 Python BJhRZA#E 5% R #2047 E (ERY ?

Python 4% A & # 4 3 [F)"A.B.C” 5 "A.B”:
o AEEZRAMSE - & HEEsE s P BIEE RS R g,
o BEIRERUA S 5% -- HAG 1057 S0 B e/ 52 5 1 BURE R
o C [EMMUINIRA S —- GrEdi(HES 5% 1F 3510 (bugfix release) HE .

[EHE T B B AR 2 5B IE B RAS . FE— R T R B AR B HE RS PE B, Er i — R 51 BB AR
$,@ﬁlﬂmammifﬁﬁﬁm$ﬁmwmem)AMMmﬁ@ﬁiwﬂQM$%$ﬁW$ e
3| Wif# alpha 175 i A< 2 ] 4 v T 4 SR AN €7 & N Z 4. Beta HIEEIRSE %”Tﬁﬁ%%ﬁ ET
HOMUHTRSA , TR A RS S A, B TR EUE E RS ER 2 AN, AN G AT (5

Alpha. beta FI5EE ST AHA — A B MIR I -
« Alpha AR ZE aN", Hd N 2 BARE/ N EF
« Beta JUARMIEBZON", Hit N 2 BHB/ N #ET
o EERAARIRAZ reN”, Ho N 2L BNy #T .

EVAEEE), A ESIE 2.0aN IR ASEERCE) 2.06N [IRAZ B, T 2.0bN JRASESERESEE 2.0reN [
A Z B, THE AR EALE 2.0 BUZ B .
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Rl AR B [+ BB, Bilhn [2.2+]), B BRI, HEE CPython [ BH%E 1%
. B, RO RERBERAERTER AR, WA 55 e g m 2]~ 8w E A
ER[E [0 fR, fl4n [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 HEWNTFF) Python By RIGHEEIZ ?

51 Python JR GBS 4T UK 3 7T ASE python.org BUfS:, FE https://www.python.org/downloads/ . fx:5i B
B R AR A W] DATE https://github.com/python/cpython/ Bif5 .

JS R RS EEAT LR — A DA ezip JEARHY tar B, ERLESEHAT C JBUATE . Sphinx A% =UAYEIWISCF:. Python b
AERAL, FEBIRE, DA MR G A n] B b 3T . RIS K2 B UNIX ¥ 5 |, #@n] PASL
B B e B AT

BT A S AR IS Y S A AR, 55 2 (E] Python B8 A\ B4 1 TH 197 Getting Started” Bk

1.1.8 HETERIF Python HFIEAS# ?

Python H Hi % & MUA ) AFHEEIA SO FTAE hieps://docs.python.org/3/ $83. PDF, #3051 ity HTML
JRASH, AT HE https://docs.python.org/3/download.html $£ 3] .

BH 30482 DA reStructuredText %2455, [E)H Sphinx [FJR] S0 fF T H g3, [FJBA S0 reStructured Text Ji
IR 2 Python JF RS EE4 TRV —4)

1.1.9 HREROFRBEREX, FIH Python ByFH ?
ARFZ BRI . BOEEW SR a4 tutorial-index
a3k Python FEsURkHIIERE M A, WHRBEREESIR, FH2E0 RS,

1.1.10 F[IJ%H Python 2@ i3 B BEHE =5 2D 14 54 3R 8% ?

H—f 3 B4 (newsgroup), comp. lang.python, WA —{EIAHHmEE (mailing list), python-list, 3
AR T (2 w2 B AR A —— W SR VR BEEVEp M, T I AT (4 55 . comp. lang. python
M EAR R, R BOE fsScEs, T Usenet [14385 38 # 5 GE ) i FH3E BE Y SC 2 B0

BB A A S AR A, AT PAFE comp.lang.python.announce HrHR ], & 2 — 8 IR B A 58 o
#, FREERA TR CE. EHAETE python-announce T /i1 i A B 1T RTTED,

B ST P S RE R BT B BEALAO T 2 AR, FTUAZE hitps://www.python.org/community/lists/ Hi% ]

1.1.11 in{gER{§ Python B4 beta JBIEIRA ?

Alpha I beta #f 77 it Z< 7] LA 4% https://www.python.org/downloads/ B 5. Fr & 0 &8 17 i A #B & 7F
comp.lang.python Fl comp.lang.python.announce ;#f AL B 7 , 40 € 7E Python 1 B https://www.python.org/
HEAf; RSS B B 22 T Y .

PRULTT AR Git SRAFHL Python PBREEMUA . 2 REANEHI, F52(E Python Bt N BRI

1.1.12 n{ai3¢ Python MSERMEFIEHE 7

B — Mg (bug) BHE A2 — B HIFE (patch), FE(E AT https://github.com/python/cpython/issues [ fif]

BRI UnAAT B Python IS B, #§2[E] Python (45 N HfE T
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https://devguide.python.org/developer-workflow/development-cycle/
https://peps.python.org/pep-0387/
https://www.python.org/downloads/
https://github.com/python/cpython/
https://devguide.python.org/setup/
https://docs.python.org/3/
https://docs.python.org/3/download.html
https://sphinx-doc.org/
https://wiki.python.org/moin/BeginnersGuide
https://mail.python.org/mailman/listinfo/python-list
https://mail.python.org/mailman3/lists/python-announce-list.python.org/
https://www.python.org/community/lists/
https://www.python.org/downloads/
https://www.python.org/
https://devguide.python.org/
https://github.com/python/cpython/issues
https://devguide.python.org/
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1.1.13 EHRHMR Python BEME IR ETTH#EE 7
A2 5 | AR I BB B Python f 3.
et Python () SCRERRAE 1991 AR5 HY, (ABIEACE CAGHEE T .

Guido van Rossum %I] Jelke de Boer, [ ffi ] Python F& X% 1aE & G 8 =X JIFt i i frl ek |, CWI
), FAL, F4W (199148 12 H), Faieer:, 28 283-303 K.

1.1.14 FEHFMH Python B)& ?

H, RN, WEELZIEE LR PE. 72 python.org [ wiki 7F https://wiki.python.org/moin/
PythonBooks B[] H1 )25 H 1 B

Mx&]ﬂ]\f E AR ik 55 8 S B [Python ], [F1i# 451 Monty Python (455 5(# AT A5 [Python] Fl
|—F1FIIII

1.1.15 www.python.org BB & {3 B 7 HB(E] ?

Python S [ BB d i (FIH AL 451, Hy Python BLRE A MIPCAEHE . SEAN &R LL .

1.1.16 [Ef+[FIZEHRZ[E Python ?

" Guido van Rossum BH 1A B AE Python i, At IEXEE)E 1970 4548 BBC i H [Monty Python 171 T
FF?IJ B BN AR . Van Rossum R EM T3 — (R 40 . s ELms s iR 44 7, IR E i a%vE =
##[E] Python.

1.1.17 ZHSEH [Monty Python gyR{THELE | 18 ?
ANTHE, HEEED. o)

1.2 ZEEE#R B Python

1.2.1 Python By F ka0 ?

ERRE. AT 1991 450G, KAEER 6 2 18 (A E S E A, LSRR GRS
fie 3.9 fitpatfh, Python &R 12 Il 5 G et —{E B DI REEATHCA (PEP 602).

e A EL R GBSO BN PRSBSOSO RS B WFRT . RS E
IR U AR 3 = (R AN Fr (BIW13.53, 3.6.2), Bl frigh A Bk . BB
BESARURT . TLf 604 BEHO A IR BE . ) HL 6 R/ T R U B0 (88 O
.

The latest stable releases can always be found on the Python download page. Python 3.x is the recommended version
and supported by most widely used libraries. Python 2.x is not maintained anymore.

1.2.2 HZ /D A\TE{ER Python ?
REA A E B, (HEBRNSE 2 HAREEN .

Python J& nT DAG B R, FrAAN &G 858 0%, 10 ELE W DA RF 2 R Wl i 480 s, [EJBEEF 2 Linux
BATRE S iR, T AR B e w- e ik S s B i s (.

comp.lang.python i I BFAHL JEH 1% B, (HEIHEFTA Python I I F A G Eaz it Al R r i L 2 MHTE

1.23 FEHEMTEEHIFRMEM Python STRIB S ?

P E i ] Python IAEZEEW., #52[0) https://www.python.org/about/success, 5 H A #1318 1Y) Python €1
shAtEIT AR A H 72 AN IR B RIAL AR B R
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https://ir.cwi.nl/pub/18204
https://wiki.python.org/moin/PythonBooks
https://wiki.python.org/moin/PythonBooks
https://infra.psf.io
https://en.wikipedia.org/wiki/Monty_Python
https://en.wikipedia.org/wiki/Monty_Python
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/
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i3 118 H ) Python HZ2 (4% Mailman B¢ 5] i 2 HL 2R Zope JE A FR ] ity . A —2E Linux BThR,
&4/ Red Hat, V48] Python 4%y 1 8B4 ok 4B 24 A X S R S0 PRENCAS . [ETS (] Python 1
NEEFE Google, Yahoo #1 Lucasfilm Ltd,

1.2.4 Python RIRFAE S HYPLLFAIBAEE ?

%5 & https://peps.python.org/ 22[F] Python $#4([EFl#: 2% (Python Enhancement Proposal, PEP), PEP 2 J sciiiRA—
TEH 1Y Python FE B RERISCIE, B IR AL T M H B M B AR . 553k A4 (E) [Python
X.Y Release Schedule (¥$7filpfE3e) | %) PEP, Ht XY 22— i AR A B IR A

B B & python-dev T F i i H i o

1.2.5 ¥ Python R A HFMEEFREETAE ?

—fBORIE), AjdE . At A O AR BOr 84T Python R, FRITERRS HiEMEEE, A arlisiA R
(¥ —/ NS IREV AL, BRI . BIEARTT AR LIRS, 1098 & T i i E W s
R T C A R4 Python [, TR AT T L E MR a E L.

R —TEIh e E g, AR —E B AL TR RS . PEP 5 5 T 25 [ #E [ A AHZS (backward-
incompatible) 58 F , [R]RF L ZEEHH A E 3B Bl IME, BT RR BT .

1.2.6 Python HRAPIMBEA RS RS IIFHNES ?
e

BRI TS SRt i i — AR 7 5 5 A RB ZU(EIRE 5 (statically typed language) BHIR AR, iELEHEFH B2
Pascal, C, {2 C++ 5 Java (LA 74, i 5 Python fEIEMBMAY S —MHET, BREMTTREG 2245
SE4f . Python HAT I i BLH — 0 sE Al — i R AU BRE R R, el i e , e A M RE Ul
i Python AJ RAGIEERA: S A BB AR BERT BTy , ()40 R A R AN R BN st . Bl Python,
Zﬂﬁﬁﬂﬁﬁiﬂﬁgﬁﬁﬁ,%mnﬁﬂﬁﬁomﬁEiﬂ%E%*ﬁﬁ¢ﬁ%ﬂ@ﬁ%Eﬁ%%

SR CARTTE R A T AR A Rt B A R, (R BU(ETRE 5 (00T N F R . B s i AR A
AEDREME, DI TR Ei2E . BRAE M IEE Rl B R A — RS . R, st — 2, (B
AR BRI R AR, SEMNERAER SR ER, HEESEME ARG T, A
— e AR A TR

Python {14 5 22 FL A Ta] ) 6 & pE)—REAR AP 55 —5R 5 o 18 Java —#f, Python A — AR AR IE R >,
PR B W] DATE AR B T PR IR AR AU R, HE Se s AR — Sy . FRRimEA A g(E
FR AT B Y S RE TSR AipAm B o . i G AR R 2, BB ] DATE R AR A B BT Y
[ Ik, A B T M T R 2 SR o AR o R T DA B E AR A R (code reuse) Fo ik
. 1552 PyGame 5555 — Jy B AHALA Bl A AE (e B A 1) B2 5 S

Python () BB > EL it (1 B2 AL REEIEAR 2B RF P BARR 5 O RE . At mT DABR 25— RIEAT ELRaR A L 7
g%§§~@ﬁﬁ*%Amﬁ%ﬁﬁﬁﬁ%oW%ﬂﬁﬁﬁﬁmﬂ$ﬂ)%mﬂwtﬁﬂaﬂﬁﬂ%
TR

>>> L = []

>>> dir (L)

['_add__', '__class_ ', '__ _contains__ ', '_ delattr_ ', '_ delitem_ ',
' _dir_ ', '_doc_', '_eq ', '__format__', '__ge_ ',

' __getattribute__ ', '_ getitem ', '__gt_ ', '__hash_ ', '__iadd__"',
' dimul_ ', '__dinit_ ', '__iter_ ', '_le ', '_len_ ', '__1t_ "',

' mul_ ', '_ne_ ', '_new__', '__reduce__ ', '__reduce_ex__',

' _repr_ ', '__reversed_ ', '_rmul__', '_ _setattr_ ', '_ setitem_ ',
' sizeof ', '__str_ ', '_ subclasshook_ ', 'append', 'clear',
'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',

'reverse', 'sort']

>>> [d for d in dir(L) if '__ ' not in d]
['append', 'clear', 'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove', 'reverse',
— 'sort']

€ & A}
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https://www.list.org
https://www.zope.dev
https://www.redhat.com
https://peps.python.org/
https://mail.python.org/mailman3/lists/python-dev.python.org/
https://peps.python.org/pep-0005/
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(R L —5)

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

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

>>> L.append (1)
>>> I,

[1]

AT HR, W EFE AR R, R SO RN € i A

Python t 581719 IDE., IDLE j& Python [#)—{f % F-2 IDE, & DA Python %% [E)fsi J Tkinter. Emacs {ii
5 G AR S BRI Emacs A — AR 471 Python B3, 38 LEREA SRR A TR AT AR ER (AL RHIA S8 (syntax
highlighting). H Ej&iHE, PAKTEAE PR fF B B U EEAS . BEATF Python ARiHIRIEN SERIE ., 7
2[F] Python wiki ,

R A R Python YEFF PRI, ARV RE A BLERINA edu-sig BT AT
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https://wiki.python.org/moin/PythonEditors
https://www.python.org/community/sigs/current/edu-sig

CHAPTER 2

EXREERBEESE

21 BREE

211 BERAUTLERAERBRE, ERPEHE, PRMITHENREIBRESE?
Y.
TR T #MH Python (g%, [EIH breakpoint () AFFRIEAH FEMT—1.

pdb A5AH J& — 1 i BLEE E)Y) Python 42 SRR & . &2 BR1E Python sisCRii—iksy, [FEEA &
RESEZ FEP . RIATAZ % pdb TS EEH 5 AR5 B CIBREEEE

IDLE A G BB B, B @ 5iE Python BEATHUI—4> (& % 1EE) Tools/scripts/idle3 $2ft) , fli%—1d
Ve FEC o i

PythonWin ;2 Python IDE, B 41— LA pdb (¥) GUI [RE5 7. PythonWin [ g5 25 (F B 2% (6 [ B A
AL AR DIRE , B AR S5 IE PythonWin #25X. PythonWin {E[E] pywin32 52— /p HIFEE] ActivePython
iy — 53-8 (.

Eric J2—{E 5 » PyQt £ Scintilla & C {4 BT @451 IDE.

trepan3k J2—{FEEML gdb )G EE 25

Visual Studio Code 2 £ 1 HUA2 il RS ks T HL i) IDE.

A WA R 3 4L Python B AL B THALS L IRETThAE. Bt E:
« Wing IDE
» Komodo IDE
e PyCharm

2.1.2 FEFIAFEERITE bug Si#TEES T ?

B

Pylint #1 Pyflakes 147 EA 75 DAEE B AR IEV AT S35

[ERe A EgAras, 4 Mypy. Pyre 1 Pytype 7] AAS#E Python J5 a5 i (1 B EHE R .



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/
https://pylint.pycqa.org/en/latest/index.html
https://github.com/PyCQA/pyflakes
https://mypy-lang.org/
https://pyre-check.org/
https://github.com/google/pytype
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2.1.3 #n{a# Python [FIAEITH ) — Efrigse ?

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.

PA R4 0] DAE B 37 console I GUI M4 7A8 % -
« Nuitka (E5V7-5)
o Pylnstaller (#°F4)
« PyOxidizer (¥5F-4&)
o cx_Freeze (B5FEE)
« py2app (f#[ macOS)
o py2exe ({#FR Windows)

2.1.4 Python BEXIER LR RBE £ MiEER ?
. R R X B AL TR (Y A S EURS R ] PEP 8.

2.2 BbiRs

221 OHDESEEE, RNEIHEMAL UnboundLocalError ?

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

ia Bt i:

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

print (x)

>>> bar ()
10

A PABAT, (H 2 B

>>> x = 10

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

] UnboundLocalError:

>>> foo ()

Traceback (most recent call last):

(HEBT—TD
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https://github.com/python/cpython/tree/main/Tools/freeze
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https://pyinstaller.org/
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(R L —5)

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.

TE_ETAIRR B, PR T DA e P ol S A 7 B 4 o [ 5

>>> x = 10

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

>>> foobar ()
10

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

>>> print (x)
11

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

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

2.2.2 Python iy ig % 80 &1 8 8H HIRA ?

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?

IR At 1 for (EVBAS/E 6 A IR I lambda (HL 295 BASY), flAn:

>>> squares = []
>>> for x in range(5):
squares.append (lambda: x**2)
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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 16. However, when you actually try you will see that they all return 16:

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

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

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

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

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

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

>>> squares[2] ()
4

>>> squares[4] ()
16

AER, ATIEIEHE lambda Frefy, i A H AL

224 INMEREXFLHEN 7

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

config.py:

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

import config

config.x = 1

main.py:

import config
import mod
print (config.x)

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

10 Chapter 2. BXHBEFERMER
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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. PR R4 —FIN sys. os. argparse, re

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

3. locally developed modules

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

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

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

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

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

2.2.6 Why are default values shared between objects?

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

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

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

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:

22. BOES 11
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def foo (mydict={}):

Hi2:

def foo (mydict=None) :
if mydict is None:

mydict = {} # create a new dict for local namespace
J

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 _cachel (argl, arg2)]

# Calculate the value

result = ... expensive computation ...

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

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

2.2.7 How can | pass optional or keyword parameters from one function to an-
other?
Collect the arguments using the * and ** specifiers in the function’s parameter list; this gives you the positional

arguments as a tuple and the keyword arguments as a dictionary. You can then pass these arguments when calling
another function by using * and **:

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

g(x, *args, **kwargs)

2.2.8 3|g4 (arguments) 1&gy (parameters) H+FEE ?

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 FIZ8. SR, EIEWY func B, Flan:

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

42 , 314 %ﬂ somevalfﬁ%giﬁio

2.2.9 [EMHEER list 'y b & | list 'x ?
WARARE T BB R R R -

>>> x = []

>>> y = x

EFET—3
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(B —1)
>>> y.append(10)
>>> y
[10]
>>> x

[10]

PRT REAE R EVAHEAS —ME T RPN 2 v R e oo
Ii ﬂEm%E’JEIﬁFﬁﬂE

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

2) list J&mutable, g2 WE VR A BB M AYEI%

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

If we instead assign an immutable object to x:

>>> =5 # ints are immutable

>>> X

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

XX OO
Il

>>>
6
>>> 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 v still refers to 5).

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

However, there is one class of operations where the same operation sometimes has different behaviors with different

types: the augmented assignment operators. For example, += mutates lists but not tuples or ints (a_list += [1,

2, 3]isequivalenttoa_list.extend([1, 2, 31) and mutates a_1ist, whereas some_tuple += (1, 2,
) and some_int += 1 create new objects).

[EF(E:

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

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

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

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

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

1 [ A SR e Al
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Ve )
>>> 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, y)

("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:

-
>>> def func2(a):

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

>>> func2 (args)
>>> args
['new-value', 100]

4) By passing in a dictionary that gets mutated:

>>> def func3(args):

args['a']l] = 'new-value' # args 1s 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}

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 func4 (args):
args.a = 'new-value' # args is a mutable Namespace

args.b = args.b + 1 # change object in-place

>>> args = Namespace (a='old-value', b=99)
>>> func4 (args)

>>> vars (args)

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

L

There’s almost never a good reason to get this complicated.

Your best choice is to return a tuple containing the multiple results.

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

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

def linear(a, b):
def result (x):

(BT —1D
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(B E—H)
return a * x + b
return result

s 2 G0 TR

class linear:

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

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

In both cases,

[taxes = linear (0.3, 2) }

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

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

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

PP T DA 2 I T A IR 8 -

class counter:

value = 0

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

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

def down (self):

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

EEW inc (). dec () Al reset () s A 515 B0 o6 20—k

2.2.12 $0{g 7 Python chEIEE ?

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 () }

JPF W] A Y] R (slicing) :

[new_l = 1[:] }

22. BOES 15
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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.

2.2.14 FWEABINETERYFR ST 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

>>> a = B()

>>> b = a

>>> print (b)

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

<__main__ .A object at 0x16D07CC>

J

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

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

1E comp.lang.python Ht, Fredrik Lundh 1 &3} 52 {fl P54 ) 7 — IEAGEFAY Ho I

BBARTEFE B EERN 47—k B (W1F) A3REEFREmaT, SR
O - AR E A B DR s BT e () 22 mMmE (k) ..

MRS REARE AT, SEERARGAT, #AZRE 7!

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

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

=5 gl dp Upt, Tg }

(False, 'a')

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

[

[

("aH in Hb"), Ha" }
A
llaH in (Hb", "aH) }

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

2216 EEEZHN C K’ ?” =BEF?
B, SEEAR

[on_true] if [expression] else [on_false]

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

16 Chapter 2. BXHBEFERMER
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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 bettertouse the ... if ... else ... form.

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

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

Ulf Bartelt:

from functools import reduce

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

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

# Mandelbrot set

print ( (lambda Ru,Ro, Iu,Io, IM, Sx,Sy:reduce (lambda x,y:x+'\n'+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru,Ro=Ro, Sy=Sy,L=1lambda yc,Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=8x, Sy=Sy:reduce (lambda x,y:x+ty,map (lambda x,xc=Ru,yc=yc,Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=lambda xc,vyc,x,vy,k, f=lambda xc,yc,x,y,k, f: (k<=0)or (x*x+ty*y
>=4.0) or 1+f (xc,yc,x*x-y*y+xc,2.0*x*y+yc,k-1,f):f(xc,yc,x,vy,k,f) :chr(

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

# \__ _ /7 \__ __/ | / |__ lines on screen

# 1% v / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on x axis

Zr M, AEAEREVEE !

2.2.18 AXSHRIPHMDE () BRADER?

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

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

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

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

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

with keyword arguments would lead to an error:

>>> divmod (x=3, y=4)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: divmod() takes no keyword arguments
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2.3 BFFaH
2.3.1 AR N R E R ?

To specify an octal digit, precede the octal value with a zero, and then a lower or uppercase “0”. For example, to set
the variable “a” to the octal value ”10” (8 in decimal), type:

>>> a = 0010
>>> a
8

999

Hexadecimal is just as easy. Simply precede the hexadecimal number with a zero, and then a lower or uppercase "x”.
Hexadecimal digits can be specified in lower or uppercase. For example, in the Python interpreter:

>>> a = 0xab
>>> a
165

>>> b

0XB2
>>> Db
178

2.3.2 [FM{+E -22//10 [El4E -3 ?

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

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

HREVHE Bk wb R Il o) N ORI AE . CHBZORIREE RZalEE, ANREEN 1 // 5 MR T 2l 1
s 3 BAH L MHIRIATE .
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 to be >= 0. If the clock says 10 now, what did it say 200 hours ago? -190 % 12
== 2isuseful; -190 % 12 == -10 is a bug waiting to bite.

2.3.3 How do I 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_

N

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 'int'>

2.3.4 TS FRELIRS 7

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

By default, these interpret the number as decimal, so that int ('0144') == 144 holds true, and int ('0x144")
raises ValueError. int (string, base) takes the base to convert from as a second optional argument, so int (
'0x144', 16) == 324. If the base is specified as 0, the number is interpreted using Python’s rules: a leading 00’
indicates octal, and ’0x’ indicates a hex number.
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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 SHOME") 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 T FE TR ?

To convert, e.g., the number 144 to the string '144 "', use the built-in type constructor str (). If you want a
hexadecimal 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 "{:.3£f}".format (1.0/
3.0) yields '0.333".

2.3.6 How do | modify a string in place?

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

>>> import io

>>> s = "Hello, world"
>>> sio = i0.StringIO(s)
>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

7

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

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

>>> import array

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

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

>>> print (a)

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

'yvello, world'

2.3.7 How do | use strings to call functions/methods?
There are various techniques.

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

-

def a():
pass

def b():
pass

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

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

o HiHEZEER getattr ()

23. Bifuzs 19
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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:

class Foo:
def do_foo(self):

def do_bar(self):

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

£0

o i/ 1ocals () TR T

def myFunc():
print ("hello")

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

2.3.8 Is there an equivalent to Perl’s chomp() for removing trailing newlines from
strings?
You can use S.rstrip ("\r\n") to remove 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"
n \r\n"
" \r\nll )
>>> 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.

2.3.10 'UnicodeDecodeError’ g’UnicodeEncodeErro’ $£iR2HEIEE ?

#% 2 [F] unicode-howto,

¢
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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\'

S

SyntaxError: unterminated string literal (detected at line 1)

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

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

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

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

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

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

|

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

>>> r'backslash\'preserved'

"backslash\\'preserved"

Also see the specification in the language reference.

2.4 Performance

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

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

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

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

That being said, there are many tricks to speed up Python code. Here are some general principles which go a long
way towards reaching acceptable performance levels:

« 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.

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

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

2.4. Performance 21



Python Frequently Asked Questions, %[ 3.13.1

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.

& wzsE
A wiki FRH PR RRE SO/ MR .

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

str and bytes objects are immutable, therefore concatenating many strings together is inefficient as each concate-
nation creates a new object. In the general case, the total runtime cost is quadratic in the total string length.

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

chunks = []

for s in my_strings:
chunks.append(s)

result = '"'.Jjoin (chunks)

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

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

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

2.5 Sequences (Tuples/Lists)

2.5.1 How do | convert between tuples and lists?

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

For example, tuple ([1, 2, 31) yields (1, 2, 3) and tuple('abc') yields ('a', 'b', 'c'). If the ar-
gument 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 seq[len (seq)-n].
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Using negative indices can be very convenient. For example S[:-17 is all of the string except for its last character,
which is useful for removing the trailing newline from a string.

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

Use the reversed () built-in function:

for x in reversed (sequence) :

# do something with x ...

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

2.5.4 How do you remove duplicates from a list?
See the Python Cookbook for a long discussion of many ways to do this:
https://code.activestate.com/recipes/52560/

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

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

last = mylist([i]

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

[mylist = list (set (mylist)) ]

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

2.5.5 How do you remove multiple items from a list

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

mylist[:] = filter (keep_function, mylist)
mylist[:] = (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’ "iS", llan"’ llarray"] }

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) ) ) }
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If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp car is 1isp_1ist[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

WERARENIE, EREACE LR

>>> A

[ [None, None], [None, None], [None, Nonel]]

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

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

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

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

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

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

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

Or, you can use an extension that provides a matrix datatype; NumPy is the best known.

2.5.8 How do | apply a method or function to a sequence of objects?

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

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

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

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

for obj in mylist:
obj.method ()

for obj in mylist:
function (obj)

2.5.9 Why does a_tuple[i] +=['item’] raise an exception when the addition works?

This is because of a combination of the fact that augmented assignment operators are assignment operators, and the
difference between mutable and immutable objects in Python.

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

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

TypeError: 'tuple' object does not support item assignment

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

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

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

TypeError: 'tuple' object does not support item assignment

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

When you write something like:

>>> a_tuple = (['foo'], '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]
>>> a_list

[1]

V2 Ay BA .

= SHE A

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

The object pointed to by a_list has been mutated, and the pointer to the mutated object is assigned back to a_1list.
The end result of the assignment is a no-op, since it is a pointer to the same object that a_1ist 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

2.5. Sequences (Tuples/Lists) 25



Python Frequently Asked Questions, %[ 3.13.1

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

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

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

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

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

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

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

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

>>> pairs = zip(listl, 1list2)

>>> 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
2.6.1 HHER%EE (class) ?

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

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

2.6.2 #+FEF:% (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).

BRI [self] 5 i% (method) & & Fovd ™| vF — & ZOA#EAL A 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 (obj, 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, class2,
.)), and can also check whether an object is one of Python’s built-in types, e.g. isinstance (obj, str) or
isinstance (obj, (int, float, complex)).

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

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

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

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

>>> 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

J

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

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

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

class Mailbox:
def search(self):

# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search ()
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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 viathe _ 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__ () isroughly equivalent to the following:

class X:

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

Many ___setattr__ () implementations call object. setattr__ () to set an attribute on self without causing
infinite recursion:

class X:
def _ setattr_ (self, name, value):
# Custom logic here...

object.__setattr__ (self, name, value)

Alternatively, it is possible to set attributes by inserting entries into self._ dict__ directly.

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

i FHE)Z ) super () BR:

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

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

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

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

[C.count = 314 J

[FIR8 77 ¥ 2 FT RERY -

class C:
@staticmethod
def static(argl, arg2, arg3):

# [B|F 'self' %3

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

def getcount () :
return C.count

J

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

2.6.9 How can | overload constructors (or methods) in Python?
This answer actually applies to all methods, but the question usually comes up first in the context of constructors.

TE C++ FAREr F L
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class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

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

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

print ("Argument is", i)

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 I try to use __spam and | get an error about _SomeClassName__spam.

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

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

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

class B(A):
def three(self):
return 3 * self. A one|()

four = 4 * A()._A_ one()

J

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

& wsE

The private name mangling specifications for details and special cases.

2.6.11 My class defines __del__ but it is not called when | delete the object.
There are several possible reasons for this.

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

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

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

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

AR, WERARH) __del O JPIRBIEEBIS, R — SRR BN E] sys . stderr,

2.6.12 How do I 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 [Eft[F] ia () HREREERTHE—?

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

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

The two ids belong to different integer objects that are created before, and deleted immediately after execution of the
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 HMERHETTLUKE is BEFETREMRAR ?

is A TR AREE. Wt a is o FF id(a) == id®) .

AR ot o T B B M R R KB ], & is a BRURIAVE True o FRIEDMEIIGRIE A HOAH SR
AT, B SRS ], SR OR8] (AT AR True B False .

SR, RA Y AREIEG B 0RER, SEMENE A e ARSI . —BokE, REmEEm (T
APAT =H:

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

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

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

TERZWHABEE T, FEMERGEUR AT, MAEHERRUR E . F5ENR, FREMWEIRN R A
HH, B BEORRE 2 BLOIAY int Al str:
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>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a is c
False

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

>>> ¢ = b + 'thon'
>>> a is c
False

I, T 7 i B Kk A Er A ) -

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

False

TERRE R B RS AG r, RiH  ) A8 T e 7 P s M oy o St

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 f1loat ('NaN') that are not equal to themselves.

Bﬂﬁﬂ, Ekj<{% collections.abc.Sequence.__contains__ () E@E%TFZ

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

return False

2.6.15 FEIEIN{aTiEHIFR oI B 6l RE &R 7

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

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

from datetime import date

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

(BFET—H
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(R L —5)

return super()._ new__ (cls, year, month, 1)

class NamedInt (int) :

"Allow text names for some numbers"

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

class TitleStr(str):

"Convert str to name suitable for a URL path"

def _ new_ (cls, s):
s = s.lower () .replace(' ', '-")
s = ''".join([c for ¢ in s if c.isalnum() or c == '-'])
return super()._ _new__ (cls, s)

ia SERET AT AR BB -

>>> 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 ANfAIERERT AR ?

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

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

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

Iru_cache Jy 38 A BAT =T 3 L5 | B O vk . BRARRRES: LRSS 2 0, SRIE @i 3o 2 m.

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

BRG] TR 1A BT

class Weather:

"Lookup weather information on a government website"

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

# The _station_id is private and immutable

def current_temperature (self) :
"Latest hourly observation"
# Do not cache this because old results

# can be out of date.

@cached_property

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

€ & A}
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(R L —5)

@lru_cache (maxsize=20)
def historic_rainfall(self, date, units='mm'):
"Rainfall on a given date"

# Depends on the station_id, date, and units.

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

To make the lru_cache approach work when the station_id is mutable, the class needs to define the __eq () and
__hash__ () methods so that the cache can detect relevant attribute updates:

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  eq (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.
T ’ ’

2.7 558
2.7.1 nfaEEIT.pyc 3 ?

When a module is imported for the first time (or when the source file has changed since the current compiled file was
created) a . pyc file containing the compiled code should be createdina __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...) tocreatea __pycache__ subdirectory
and write the compiled module to that subdirectory.

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

WARARTEE foo BN —MH .pyc HR—Wptel), ZE—MEKRT AR —M .pyc 5
A PAMHE ] py_compile il compileall #i4H .

py_compile WML AAFF FEIMLTEIAL, Hob—R I A AL ASC BT A compile () B

{3
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>>> import py_compile
>>> py_compile.compile ('foo.py")

E)@ﬂ% .pyc B A foo.py MR E A __pycache_ THIE (BERTPAEH RS cfile BEH
).

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 TR EIERREER 7

A module can find out its own module name by looking at the predefined global variable __name__. If this has the
value ' __main__ ', the program is running as a script. Many modules that are usually used by importing them also
provide a command-line interface or a self-test, and only execute this code after checking _ name__:

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

if name == '_main g

main ()

2.7.3 How can | have modules that mutually import each other?
TRBRAT AN A -

foo.py-

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var

bar_var = 2

R 2 e AT AR A B
o FHGIA foo
o ST foo WIS
« foo Yl EI B IAEAT
e foo 5| A bar
o FLT bar A4t
« bar CBEHREEIR M AT
* bar 5| A foo (GER—M=#IE, HEICEA —MAE foo HBLAH)
o GIAMERIE R foo SIS EI foo_var, PARKSE 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.

A (2) =] e mEs .
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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 # g 7ERF AL H 422 DA ME 7304 7251825 B -

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

o import BRIAZ

o WEEARES (ELEIET I AMERTAG L S 9 .
Van Rossum AN KFEGERE 5%, BIES A BTE— &Ry, (HEmEEa L.
Matthias Urlichs 7t #4H (restructuring) /RAFRECHE, DATEFT 1 —BIGRA E2EE G| A .
i 2y EEIAE %

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

Consider using the convenience function import_module () from import1lib instead:

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

275 ERRET/ESINNEALDEFRSINERS, FHEFREHEK. DHDZER?

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)

et ILRHTENE 100% B4 —2% . SR A0S 15 s BB =4 -

[from modname import some_objects

)

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

>>> import importlib

>>> import cls

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

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

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

AR AN EIE R TRREME ], PR AR AR 1

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

>>> hex (id(cls.C))
'0x4198d0"
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3.1 [EIft(E] Python { A HER R E 1T 50 ?

Guido van Rossum {5 I & HEAC > AR A, (] LS = — % Python F2sX 7S M A /F L2 Bk, #F
L NAEEEE B M 2 B T B AE .

P EIEVA BRda/ A R AR 9%, TR BRI a8 ISR BN 20 1) 43 AU AE 4 B (B C 3l & IRt il
B EE PR R A B

if (x <= vy)
X++;
Yy

Z++;

WERBEAFEI L, A corr BORSCEREAT, (DA E R 2 B R R BEAR . BRI EiRE C 3
BH ARG E A, BEEMIE < > v, Hy@2EDT,

P P ELAS FRAY 598, Python MU HAURE & @ ARG BRI M MR R . 7 CRhah, A
i%ﬁﬁ%ﬁ&%ﬂ%f%ﬁ TEEEFE AR E AR, L (RLAEER) H—REEKERENK
R UHE S & 4L begin/end B HAE—4T. 8 Gl VISR R IR B AE S ), AR EEAE Sy
WA EIR . PAR E2RE], — ek U % 2 (i 5 (KM 20 % 30 47). 20 47114 Python 25X
Pl 20 4711 C FEsXHG ] DAMCE 2 5. SR (E)A P ER B &s R A48 BRI AR B — st ([0 4 s i o Y
HEREREA ), (A Ris it s T EE).

32 Bt ERMENHBET[IFTENER?
L — (A P

3.3 [ F B EE N RFEwE ?
5 2B R S Rk O &5 R R

>> 1.2 - 1.0
0.19999999999999996
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SR 1% 7RIS 2 Python () bug, {HIEEIANE. IR Python £~ [EA4 BAED, M2 AR dnaf g 217 B B BY
([,

CPython [ £1loat ZUEHI T C fY double BEIRFEAF. —MH £loat WFFIEGARIERRE (T
53 fige) AFEI el 7R, Python i) C AR B, 1t ) 45 31 0 B PRtk r (0 B S 20 4 =R
[ElE . EFRRTEGETRE], Python Al C. Java %R L ZBGIRE S A — Bkt E.

R A DA RO A0 1 2, (R B DA 3 P s, WD, DA TR L
frtk:

[>>> x = 1.2

J

x [ERE R —M (REIT) 1.2 rflistE, AEHRE RS 1.2, i—RAERZRE], M it Ee:

[1.0011001100i10011001100110011001100110011001100110011 (binary)

J

11 3 I {ELIE 2 :

[1.1999999999999999555910790149937383830547332763671875 (decimal)

53 SLICHIKTE 7 Python n[DAA 1S & 16 /NI HEREE -
S ST AR ] DAZEEIAE Python FER i iF BEH —55.

3.4 [Ff+E] Python SeER AT #: 8} 7

CEES

H—JeRhe: FIE TR ATSEEIAR , FRATRE AT DATE A & (M i Ry (ot 0 e o s ), 100 Al ) f 2 TR 76 5K
WU E AR . 8 2 oA (tuple) FTER S (list) ARHEIY L — {3 SR A

AR R AE Python W, FHAAEIT —4F [FHAL. EELAATEEE 8 12 H #Hfd mUs H A #E ; [
P, 7E Python B EHE(FTE e &k e [eight].

3.5 [LlfF [self] #EF5i% (method) SESHEFIFIY B —EZEARER ?

HREREGE Modula-3 T2k, HERFZ M, An] A2 IER 2 .

S, JEHEAT ASE IR ARAE HI T4 (method) B2 T (instance) ARG, il w5 . R0k
AHITEHAE] (class) ISR, HWHE] self.x B self.meth (), A O IE A I J2 IE7E BT 001 1 5
B ke 18 C+ (B, ARET DARE phy (EA (8 s 58 45 2 870 7 9 —— {EL7E Python [EIEA [ s s e
& FTARZEEB RN E S AHEE o« A28 Cor il Java (1R IS RRS 5K LA B 191 88 1 44 R i
B oo, B DATE R P R AR S 5 R AR Y

55, R R AR R s A S N R R R, ARANTR BERRIRIERE . AE Cr+ [, AR
A — B e R SR EIRe g 8 R W SR v, WA ¢ : 5T - {HAE Python [E), R0 DAEH5 AL
baseclass.methodname (self, <argument list>), ET{ __init__ () ﬁ?ﬁfﬂﬂ}ﬂ, fl%%i’fﬁfﬁ]ﬂ%

TR I AEE B2 45 76 5L PAREN J Y25 17 B L e

Btk , ABARE) T B B8 MR IR REVA R A DRI e Python 2 (2 38(E)) 1R EHdHR(E
st (HLEVG RO RE RS i) , 7 DA€ 75 B — IR 5 v 2ACA5 W LA A R IR e S S i (il S
117 A S5 A 5 e, SR AE R T R B (B R0e%) o C+ RS MRE 7 ig 4495, (A Python [,
1 (B 52 11 i R 5 | 38 e A SO TR o (ELG T TR se 1. var A0 AT DASEE 325 11 0 R 3 R L
I B, B 5 B IR b ZHURT I se L £ . var BUACREIAAE I A TR RE A T A R LR/ EHIE
7. [EVAYRAIED, [ do s S5ORI 28 91 5 AP A I P AN [] 1 i 44 25 ] (namespace), TR Z24#ff Python ZE{
FEE—1 .
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3.6 EfTHEAHEMEEER (expression) h{EHiEIREH ?
¢ Python 3.8 BHLA, kAT AE M 1!
FEURTEF A R ST T = AHE B b Fe UR 5 (i -

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

L2 EilsE R PEP 572,

3.7 [Elfg Python R —teThEe BEER S % (5= listindex()), HB—
BERFHNX (2 len(list)) ?

A1 Guido Jif[E]:

(—) #H—LeEPRE, MR ARAT I REE R — Wi (FIPha! ) SRR
FAEARMMES, SN ER BB R P A D) B . AR x*(a+b) EHE
KT REBIAL x*a + x*b (R HL, PRGN i 2 1 FE B A SRR I AR U AE 1

(=) HIHA D BRI len(x), Flold MBRIMERVIARE. S 7 Rm S
giAe (R, 2UCL R EAA. HEH, HIAF] xlen(), FMFEHIE x AL,
[EEAE T — (AN TR AR T — (A A HE len() HOMAE], B3] — 18I 2R # Bk (mapping) #Y
HEE get( 2 keysO ik, BURMNRAHEEE write() JriERF, TS e 8RR,

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

3.8 [E{d join() @& A EMAERT (list) 5% T (tuple) 5% ?

[l Python 1.6 2 1%, F*HR G ARMGHAMASERY U], resbig, —2unl DRI ERASAt i oh SO A ) D i
WITE BN . KRBT R 2, (A — ATl — e N B :

["’ H.join([lll, l2l, l4l, V8I’ V16|]) }

FGES

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

R

U A 15 380 {1 P SR A

F—IUEEE: [HTFERIOR (string literal)  (FHH#) BEAEAMEL], WFFEAMIL, BT IR
AR E E . AR IR ARTEEEI T ep it s i b, IR ETE 2 H SCASR RERIE R I

S R EE R [BORAEM ()3 SR T B B ol e A . HAR b, (R[]
ARTEEHAM. FERERERE, fEsplic O RMTHRIEIRER, FEEHERM AR BE D) :

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

TERTEM A T H ORI i R E R AR (R ERRE2 ) i T E S

join () @—MEFH ., WENEMMBARHE, IR E a0 i T8 2oEm B M5 a)7s), EFA Az
FAABEY PSR [H] o SE A7 A 1 2 8O DR AR AT 25 SUBLRI I 4, (045 B E FeiBIE]. 7E bytes F
bytearray Pt ARV I -

3.9 BIMEEBESR?

REA BISMEEH, I crylexcept FLRIENARCRI. HE b, IAHHISNEA A RO, 7
Python 2.0 LAFT, Ja bRl JE AT 2 LY

3.6. [fTHAHEEEHS (expression) fE RIEIREH ? 39


https://peps.python.org/pep-0572/
https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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try:
value = mydict[key]

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

i A TEARTEDRLE 8 T UK 22 BRSO R e A Gy . WCRIEAEDNL, fRIERZ R A

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

ﬁﬁjﬁﬁ’ﬁ]‘]‘%ﬂé, ’fﬁ‘@ﬂlx‘]\ﬂfj value = dict.setdefault (key, getvalue (key)), Z:iﬁ,':lﬁﬁ’f
getvalue () FUEARMEBEA RN, BRI EHIAT

3.10 [Ff+El Python [FJFf switch s case BRiR= ?

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

AR FTREMEARZ AR AT AT T S 25 S e X 491 2R

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

EFAREI PRI, ARAT AR EVE SRR R Tk R getater 0 ACBOE—P L -

class MyVisitor:
def visit_a(self):

def dispatch(self, value):
method_name = 'visit_' + str(value)
method = getattr(self, method_name)
method ()

FMERAE T LA M ERTsR, PAE MG T ARER G R visic_. [EERIMAEE, —FIREI AR
(MR, DO (AT DABE R e VR 1 S R E 7 ik

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

311 FaIAReEEER LERNTHE, MEFEREERRMNIETEEES
X ?

BE— R, HREeE4EHH Python fHEEIHE (stack frame) €rifE 25/ 0—(f C pyHEEIME. [RIRE, 7

B DAREREFENY Python, PN SERE AU BB AT 2 4% C BIFAT4H .

R M, MEHEE] (Stackless) Python S HHatar T HaRae B, [l T C #EE,

3.12 [Flfg lambda EEXFEEB & BRIR ?
Python [J lambda 1855 AR G811 & B 202 H[E] Python B 52 AE 28 48 30k 5 A 7 B b i kb o 4R

1M, 7E Python [Fig [FIAJ& —ff i Y B L. AMRAE HAURE 35 A M 7 D) BB Y lambda, Python [ lambda
HR—ATE VR AT ek R il A — M8 il S ik
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https://github.com/stackless-dev/stackless/wiki
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R0 E 482 Python [EIff)—# 4 (first class objects), 1 AT PAZE [ uk i [ (E 0 B 4. TR ME— A lambda
T 3R W 3 P ) o =X 1 2 A 2 AN 2 A — (8 o X 40 il (ELE R 6 — M I el e i 0 Tk X
(il lambda 353 ) 45 SR )99 |

3.13 Python F[LI#k#RFF itk ES . C ASHHMBERSH?

Cython T DA% 5 — 10 5 5408 A e P [EIf# Y Python AR . Nuitka J&—{lAE )y giiss, 1l PATE Python %
FR il C++, i) HAEDE SR 52 #4nY Python 5

3.14 Python NI EE T IEER ?

Python 5t 15 % 4 A AT i BUEDA B/ . Python FIREHE BEVECPython i Fl 2 B8R (reference counting) 3E{H

VIR FER A E, B — RS RIS 2 G EE (reference cycle). 72 JHBALA 00 B AR 78 v 2K 48

g{ﬁ@fﬂ;ﬂ@ﬂﬁfﬁ BRAHBADI . g BEAHERAL T 0] DA TEOCEE . IR S5 A T BB AR B B2 2
iR

IR, FEHAWELAE (122 Jython Bk PyPy) v, €6 1500 iR SR W e 55 N [ o AR 474 Python
R R B EN A 2 BEHR I EEAE, SE MAEE s s — LR MR A R

E—48 Python FrffErh, "M g Bl (7 CPython AT LAIEHRSIEA) W HE @A HiA T (file descriptor)
ek

for file in very_long list_of files:
f = open(file)
c = f.read(1)

B L, {1 CPython )2 BEFHRFNfEHE T %2 (destructor scheme), FH %} £ (1) 5 URER & BE PA B T 1 B
Ei’ﬂ.%%o) SR A 8 A B 3% [T i (GC) W RE, 18 2ei R4 e AN [ 52 HA T BEAR = A 1Rl ] 4% i Ui 8
[EJRA B

ANRARA AR R U T AL Python T A1 AR rR#R T DATEAR:, SRR % 5 4 o B PAAR R 02 B witn
BoAsC, dnst—2, AT BT R, At g I R Af

with open(file) as f:

for file in very_long_ list_of files:
c = f.read(1l)

3.15 [Efaf CPython 7 { FiSE 2 f@ ik Sk E i 1 ) 7

Hi—, BEARR CHEEDIRE, FIMETTEEAR. (%, RMHE Boehm GC BB, A alHIZ R
X % $OF ARG S B, HRARREEM, MEEE KL YREEN, tERES, THER
Python FI75 5 FE 75 Tk — L 50 . )

BRI (GC) 7E Python # i A A E HFE A RF LA 17— B . 7585719 Python ﬁit.’m'ﬁk—f
PATEAZEHEY) malloc () Fl free () [EIAY GC bR =X BELHEM A A (H—{ {23 Python i A 2 X T BB
FH ] B i malloc() 1 free() %‘éﬁﬁ i, AN H Python (). PAFRFEA(E], CPython F1E{{FE malloc() Fi1 free()
R A JE RIS -

3.16 E CPython #£ R, FIMANSTIEERSHER?

”Q%EF'#J Python IRf, ¢ Python FSAH ) 4xtaf iy 44 2= I AR W (HE AR 2 Er sl . e IBBRS IR, 5
RE@ AL . A LERiEm R nt C saUIBUTY, MM AR RERREAL (FIAn: 1572 Purify Z ) T H &4
) SKIMT , Python 7 B8 B I (62 G R Bt R B B s I iR A 4 4 «

ﬁﬂ%%ﬁﬂ%iﬁ Python 7EREHCC I BERF EIFRAF E RO R PE, ARVT DA atexic BT G ETHIERR 1 R
e

3.13. Python STILIRFRIERES. C ESHHMERS®? H


https://cython.org/
https://nuitka.net/
https://www.jython.org
https://pypy.org
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3.17 [EfTE4ETH (tuple) FnR31 (list) 53 B {E B 2. ?

BN A TCAAEAR £ 5 A E AL, (HAE S I AE 2 AR . o4l T PAREAY, Pascal [y record /& C
) struct, J&—/NEEFHBHEHE AT BE R A FE R EIR ERES, A—4LER AT 8AE . BoIRE], — i
R GEARIEE R AT DA B s i — A s =R R T

F—J5 0, A AR SR A EE A S (array). AR DA R E M FEE 4, AEZREEEE. S5k
[E], os.listdir('.") [ FHEEMES, AESTFHRTEIFR. WRRHHE T % FEE R 2)E
HIE], — AR A 45 5 0 o o 1 e

JCAH IR AR A8 ), AR — HooAeid S, A se s W e —8(E . mEps s a4, B RARA]
AR 02 . HA AT E e E ] UREI A, FroA L ae e oAl s s, miER s R T

3.18 &%l (list) #£ CPython h B EFE{E8Y ?

CPython [y 31] (list) FH{_LJe n SR LAY (i8] (array), 1 AR Lisp wf 5 B S22 FR 51 (linked list), F{f
L,%%;@@%%%#%ﬁ@%MM®@ﬂ,EE%W%@%%%@@mmﬂﬂ@ﬂﬁﬁﬁE$ﬂ%
ERIRAE

P, HRGIAARB SRR EIH a 1) BAUEAIER S DR R T {E R .

WO ST AR, BRI [ TSRS TOMA M IReR, B LI iy
W5, WSS HEER I, 2R RAMNY S ], B N RO IR A TR R BN T

3.19 ==# (dictionaries) £ CPython B2 E[E MY ?

CPython (5l H mT 5 A/ AEE] (hash table) BEAER) . LA B #f (B-tree), 723 (HAIEILFH
SURERAE) P EL I FRBL, EAE LR E R

F MR EIE nash O R, SAE (SRR BT RT3, A (E0 45 SR A< 1 G 1) (B AN (E)0 47 4% (processes) [
Tl A H R 220, BN, rpython' [FEEJE -539294296, 1ff HZE—{HFH 'python' HIE
1142331976, HEEISEH 8 EWUR AHH A EAE R S 7RO E . EEVRIEA AT A A F M, #R
Tl RS BRI F K O F7R¥% (Big-O notation) #i/& O(1) — ARARAT E— {5 .

3.20 [ HaMR—F R FERE) ?

PRI R AR A EMET R MR B G . WCREE TSR ER, A T AR, H AT
(Yt SR LA . (E A SR ) 0 1) N SIS R M P A il B, T DA B el S (B
W&, FARERET I R RE WY Ry, EEREER R RS, R E . AR AR E S
HESHE, B-HRAR, HEMbS R AR SRR .

AR R SRR I RS, JEMEE ST . tuple (1) A G @ — AR L —FK(E
ZRRTCAL. MTCALZ A TSN, T PART DA 2R 17 S o

WA AP — ORI TA

o MAFIRFLIER AL (D id) AOREL. SR G, FBEWRISM B — R R a1,
AT . HGIRE:

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

EA I KeyError FilSh, WE 11, 21 1Y id FESE—FTAISE AR AR . ERFRE, s
JERZE == A e, AR is.

o EE—EpyEEE. By, FESRIE#E, s cmsi, FrdbEe
T 5 [E e

o ARFERIIEERE, (H5FFEAFALEEH M. FHRA NSRS EE TR E S, GEE—
PAIBIEIY bug. flRIRHGET 7T A EEE ] 7E d. keys () BRHEEHAR AT DA BT S #E
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o —EERS g e, CAETRC SO R, MR, N Rk e BRI R E, iR T
ALEL R A AT . $E— R (R I, 7R A M B R 7T AR A 2 0 BT A W (T I L BB
B FRAE—K, HOC2 A Oy sdessrE.

WRARTE RS, SBEA /NI AT AR, (H B SRS - AR AT ASE— R n] 3 ) 1 et — i Ay
__eq__ () Ml _hash__ O FEMBEE. QEEEaEYHERAERTI (SOUBEDEE) b, IR
LA EAEF I (Al A AR A &) o fu i) A D e PR (D

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

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

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

AR, MEERE R TR R ENE, HEE 5 RS W] A E] (unhashable) R (40 AT AEHE: -

ﬁtﬁf, Zi%f%W##ﬁ%%§%E%Z§EFP, ﬁﬂ;ﬁ ol == 02 (Eﬂ ol.__eq__(o2) is True) s EU hash (ol) ==
hash(02) (Rl ol.__hash__ () == 02._hash__()) , & HZF B OAH BT A0 IR 40 35 0 2 3 TE R
i, AR M A (BB IS 17 45 1 o BUR IE 35 1R A7 (E).

EJR Listwrapper, HESER LSRN TF I, [EN K H 5B BEBCE AN IEH S 35 AR
B C AR SR AR R R A AT R AR IO R, AR B, w5 BATTERE.

3.21 [Flfd list.sort() AR EEHEFBRERT] ?

TEREMREERSE T, EREE—GA LR, B, 1ist.sorc (0 HEIERIIEMEEY . BT
PRIEPFSE, NG RIHF RS, B2, EREEHEFEARHE B A H I, AR & e
i A /NOEZRRERS .

YN SRp AR A [ i 3 2], AR AT DA [EV# Y sorted O o b FHRALH AT EUC Y1 (iterable) HEHEF
g, Bz . Fn, AR E ] g B e s E A s g

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

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

1R C++ il Java Z55E 54RO TRCAL M A TG, Abflid T se gl vk ek A 5. R GREETE
AE Bt e R () AT 1) A e B A e T i K A S A B

Python 2.6 Ml A T abc #i4H, AR AT DASE FE4l 4 5 H(E) (Abstract Base Class, ABC). /& A DA fifi
fil isinstance () Ml issubclass () ZRHE#2 — M0 B B ok 2 8 (E 2 5 5 A 7 5 0 Hh % 528 s (1.
M collections.abc *ﬁ%ﬂfé%T*%ﬁUﬁ%)ﬂ E‘J{Fﬂﬂ%%}%ﬁﬁ, 1%7% Iterable, Container 5]:‘[]

MutableMapping,.
¥} Python ZS[E, AR 2 71 T B 1) 75 286 T DA P 388 3 o ) SR 0 FU A 31

— i §H LA A L WA (F R T[] BRI (regression testing),  [EMREIERLAL N i MLEEAI—ALEEND . 72
Python #LAH 7] A B3RS EV AT, (EHROERE LAY [ A FHE]. RIERIAE AT 1 EA R SN, Al

3.21. [T list.sort() A2 L {EHFBHIHRT) ? 43
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IRFT LATHSNARAT T A FET LY T4 ] (stub) BBEECB ST Il doctest Fll unittest B =7 i BIEE
BT AP 2R 7 A e UG Py B P AR B U A (B vy g — A T AR S

AR TR — b, — {1508 7y e P A e K 28 S BV 17 Python JfE AR IR W] AR B, 39 I,
Mo AT REVT DAG S LAY R B, TRIE) A TR A ek B R 0 e J k. SRBIK(E), 1ist.append O J7ANE
A% B SR ER I B 7 e R i LB e R, o R R E A BRI List . append 0 2R EI
IR EAE, HEENREHER R A .

BEENAEIE AR, MR e GEIERA SRR T JIEUHES) B % (test-driven develop-
ment) J&—{HHAGB 2 BOI YRRt Iy ik, MEERIETE GR BB, MR R R Z . &
X Python B AL FFAR R MR T ALATHIEL -

3.23 [Elfg[EF]% goto F&i%k ?

T 1970 4EAR, A T R 20 [ BR 11 goto ErBisfiaL . HELARRAEAN 1B v [ 38 K AIE] ] FE=XA ("spaghetti”
code). FEMPEFEFE, B ANTFEW, HEF ¥ rT DAMEGEE> % (LA Python 2R[E), H if BRIAZA
or. and }% iflelse #HE ) FIEIRE (H while Fl for BEIRR, TJAEErH continue Fll break),

FeAM LT AT B AP T 45 ALY goto ), JEH 2= W AR R s MF Y . AR 22 NS4S S0 ] DA (8 MR E
C. Fortran FIHAUREFES AN g0 Rl goto. fill:

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

if'condition: raise label () # goto label
exceéé.labelz # where to goto

pass

ERARERIRBETREE, EEEEIEZE goro BIEM. @/IVLE.

3.24 [Fi{a#liseER (r-string) REELARFEFERE ?
SORTHEHLRE), AR RE AT SOl I A PSS TR RIS 1 S (B 6 645 R A5 | 9E MM 6 (escapes), 4
B AR A A TR

St AT e B T bE A C R EE SR RIS (FERIERFRA) — Wy @A .
T MR PR A e RIS 45 R SRR B R, T DASE T AN FURT AN . R, Al AR — (8 SR HE)
TERG9E. ELEBAE AL FITRARA H i B IR shiEefE.

AR B UL Windows HYBEES A, SETERL Windows REHE O tLH 2 — R AHE:

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

WEARARE L DOS $8 0 M BAE A A, ilal A (T A A Al -

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

3.25 [Fi{q] Python [F15 Bk {ERY with BARR ?

Python [ with BUAW T — EMFEX AT, TEME ATIBER % AR TR NHS . — S e AR
LURNEOb
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with obj:
a=1 # equivalent to obj.a = 1
total = total + 1 # obj.total = obj.total + 1

{HAE Python, I8 Fl &5 M2 ORI

TEHAMRE S E), 182 Object Pascal, Delphi Fil C++, {fi it 2EIAEZU(E], ST AFAM AT DA A 3 2 W —
RS EWARIRME . 18 e IR AN S — (e AR AN IR, ARt A L R 153 1 52 M) 1 FH AR (scope).

Python i JT] i 2 B AR AT, T DAFRAM AN ] BB 5 w00 70 00 I WO A0 e Er S T 0 ol 208 e ] REE A
FYRFOEIPF P ORI ERS e o BEASAR A REACR A0 a , FRAPI G A0 AT VAR 1k e it - [l
S SRR

PARFIA SE Bty R A [E 91 -

def foo(a): ]

with a:
print (x)

T B ARG B o A — A = OB M. S84%, Python [BIEIEIALMIEIS &3 H a5 . 1R
B [al 2B, e RIS A — M2 MR x, A7EEME wich B EHMHEM
W5? AARET L, Python Bl ik i P (A5 Mok 158 455 S I 4

RN wich BOASERRIAEE SR (DR ) #9220 b ] DA B BRI A AR E R -

21
42
63

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

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

[ SO SR LA P .
JE % 5 E BK -
ref = function(args) .mydict[index] [index]
ref.a = 21
ref.b = 42
ref.c = 63

ERASETHATHE R RIVEN , FIE Python fy44 R AR E MR AT @ YEBU TR AR, 038 U FR 2T
FpT— BT

FARUR P B ARG T | AGEEAE B EVP R AR, Bt [HiEEE; (eading dot) |, {HiE SR R OB
[E, PA#ERRREny i mErE (2 https://mail. python.org/pipermail/python-ideas/2016-May/040070.html) .
3.26 [F{a[FJ4 28 (generator) A IE with BRiR= 7

HRBATIE I, HEEA 28 A H FAERE 5% (context) 45 PR & VA IEHEME. WENEHKE), B
ﬁﬂﬁ%ﬁmmw,ﬂ%%%ﬁﬁfﬁ%ﬁ?@%%o@W%%%%%ﬁ,%ﬂ%ﬁwﬁhﬁﬁﬁﬂﬁ
contextlib.closing(generator) fﬂ%%ﬁﬁc

3.27 [Elfa if. while. def. class AKX FEEFE ?

T E SRR E TR (d ABC RS RO ECBRISA) o AR R 40

if a == Db
print (a)

LA

if a == b:
print (a)

3.26. [F{aF4358 (generator) F3IE with Bk ? 45


https://mail.python.org/pipermail/python-ideas/2016-May/040070.html
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VEREE A0 TRIG Al — Lo s P . WTDASE B, — {1 B S5 AN fEE A FAQ &1 il 1)
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3.28 [Flfa Python 5t #F7#E &R FIF0 T K i _LiZ3E ?
Python fLEFARAEERS . JCAHANFHLAY &5 BN FiE gk :

1, 2, 3,1
("a', 'b', 'c',)
d =

"B": [6, 7], # last trailing comma is optional but good style

EA R AR -

WAREAEH S A AT IR AT, BRI e R TR R ED 6, EWRA RS ZAE i —
Frm g9, EAATIEG N AR HHEY A e S EGEA R

A/ TR e HOR A BB B e, Bl

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

]

B RS E A DT, EAEE R = [feel. [fiefool, [fum]. JkiEefSmn_FiZgEDAbE G
TSR o

FURT AT % 0 R I R S 2 ) (A

46 Chapter 3. EFHfIEEERBMESR



cHAPTER 4

A

R EMRE TR E REE

4.1 EREAXHE
4.1.1 FINTIRBIAITER X PIRENERER 7

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

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

4.1.2 BREISTLL$%E] math.py (socket.py, regex.py, Z...) 3KiEH#EE ?

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 mat hmodule.c,
somewhere in a C source directory (not on the Python Path).

A (F/>) =7E Python Hifl:
1) PA Python %3 IRLAH (.py);
2) M C mmEE) RERARBAL (.dll. pyd. so. sl %);
3) JH C Sigs E EL AR IO REAL; BEHE TR 28 List, AN

import sys
print (sys.builtin _module_names)

4.1.3 Fin{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

[#//usr/local/bin/python

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

{#.’/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 S50 1+"s@"

nnw

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

[ doc = """ ..Whatever...""" }

4.1.4 EEHERAR 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 Python h 2B EFZE? C By onexit() BJEFE ?

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

4.1.6 I EHEMEREEEXTEMER?

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

[handler (signum, frame) }

NSV SIS o Lk

def handler (signum, frame) : }

4.2 FRRE
4.2.1 n{aAIE Python X jTif 7

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

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

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

The “global main logic” of your program may be as simple as
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if 1ame == "__main_ ":

main_logic ()

at the bottom of the main module of your program.

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

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

if name == "__main_ ":

self_test ()

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

4.2.2 How do | create documentation from doc strings?

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

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

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

4.3 EhITHE
4.3.1 infafEAHRITEEERER ?

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 FWMBITROFBEFET: DI ?

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) # <-——————————————————————————— g

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:
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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), 1))

T.start ()

time.sleep (10)

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

4.3.3 How do | parcel out work among a bunch of worker threads?
The easiest way is to use the concurrent . futures module, especially the ThreadPoolExecutor class.

Or, if you want fine control over the dispatching algorithm, you can write your own logic manually. Use the queue
module to create a queue containing a list of jobs. The Queue class maintains a list of objects and has a . put (ob3)
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 "% (i+1))

t.start ()

o

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

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

When run, this will produce the following output:
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Running worker
Running worker
Running worker
Running worker
Running worker
Main thread sleeping
Worker <Thread(worker 1, started 130283832797456)> running with argument
, started 130283824404752)> running with argument
started 130283816012048)> running with argument
, started 130283807619344)> running with argument
, started 130283799226640)> running with argument
started 130283832797456)> running with argument

Worker <Thread (worker
Worker <Thread (worker
Worker <Thread (worker
Worker <Thread (worker

P oo w N

g W N o

Worker <Thread (worker

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)
Ll.extend (L2)
x = L[i]

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

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

N

ol

PR

i =i+l
L.append (L[-11)

L{i] = L[J]
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!

435 FHEBIL S EERHEE ?

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

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

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

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

Judicious use of C extensions will also help; if you use a C extension to perform a time-consuming task, the extension
can release the GIL while the thread of execution is in the C code and allow other threads to get some work done.
Some standard library modules such as z1ib and hash1ib already do this.

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

4.4 B EKLH
4.4.1 SOTERRIESR 7 (AR A MIERAIE...)

Use os.remove (filename) or os.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 ().

%i%ﬁﬁ%ﬁ%, %ﬁﬁﬁ os.rename (old_path, new_path).,

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

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

4.4.2 INTFIEHEER ?

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

4.4.3 MAEER (HBA) ZEAFHER

To read or write complex binary data formats, it’s best to use the struct 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:
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import struct

with open(filename, "rb") as f:
s = f.read(8)
X, Y, 2z = 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.

O f#HE

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 n
bytes from a pipe p created with os.popen (), youneed to use p.read (n).

4.4.5 I FEAFSI (RS232) ERiE 7

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

¥ Unix, #52[E) Mitch Chapman [7] Usenet fifj 3 :
https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com

4.4.6 [E+FRAEA sys.stdout (stdin, stderr) FEHEEMET ?
Python 4% 5 2 /2 AKFE C RSN AR I S PE IR -
For most file objects you create in Python via the built-in open () function, £.close () marks the Python file object

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

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

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

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

BE AR AT AZH BV T i 2 0. 1A 2,

4.5 #a5% (Network)/{BEE#8E& (Internet) 5%
4.5.1 Python 7t WWW T & ?

See the chapters titled internet and netdata in the Library Reference Manual. Python has many modules that will
help you build server-side and client-side web systems.
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A summary of available frameworks is maintained by Paul Boddie at https://wiki.python.org/moin/
WebProgramming.

4.5.2 3 FEE% (% A A DR R EHBN 4 HTML ?

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

4.5.3 {4 Python [E)Z& &% 8 ¢4 7
o P ASEHE bR B, smtplib,

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

import sys, smtplib

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

line = sys.stdin.readline ()

if not line:

break
msg += line

# The actual mail send
server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msg)

server.quit ()

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

import os

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

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

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

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

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

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

sts = p.close()

if sts != 0:

print ("Sendmail exit status", sts)

4.5.4 How do | avoid blocking in the connect() method of a socket?
select FLAHIEH FH A E BhEPE socket [AYIERIA /0.

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

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

asyncio LARAE T — I i BB T A BRIl P R o, W] R A 7 AR P ZE AR B ATl . 26 =
Twisted bR B2 — AT DO REE H IR U

4.6 BEHFE

4.6.1 Python pREHEMEREEHIINHE ?
A1

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

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

4.6.2 How do you implement persistent objects in Python?

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

4.7 HBRF{E

4.7.1 $0{T7E Python s RS 2
FENEREAH random BEAE T — M B SA: it . AR fd B

import random

random. random ()

T[] [0, 1) A [ () I A7 S
RS R FF 2 HA B A Ay, Bl
e randrange (a, b) &3E4E [a, b) & [E[FIH—H %% 8.
e uniform(a, b) 4 [a, b) i HENFEEHL.
e normalvariate (mean, sdev) Sf#fE (EH) 4MELEFFEEE (sample).
— LU R B U BT TR, Bl
+ choice (S) FEAETHI TSR —HREHTE
* shuffle (L) §J5H (in-place) FTEL list, HIBEHEHES T .
FEA 1 Random HHE), VRAT DA & BEOIAbL DA 2 {1 18 7. 1) WA 2R B -
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CHAPTER B

BR/BANERBES

5.1 HeEJLI%E C hEIIHCHIEHS ?

KM, RATATE C i A &kt 520 pilShE R AUE [E A5, extending-index 344 A B [E)
g

R 2 b A e I Python 28 th €25 1 1R R

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.

5.3 ECHR¥, SERHMEER"
EHHRE T C ARSI, TR R A RAED .

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

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

5.4 wnfa#t C #ITIER Python iR ?

The highest-level function to do this is PyRun_SimpleString () which takes a single string argument to be executed
in the context of the module _ main__ and returns 0 for success and -1 when an exception occurred (including
SyntaxError). If you want more control, use PyRun_String () ; see the source for PyRun_SimpleString ()
in Python/pythonrun.c.
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5.5 How can | evaluate an arbitrary Python expression from C?

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

5.6 wnfay#E Python ¥ chigly C {5 7

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

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

TR AE, HEMARE AR v, R4 PR PyBytes_Check (). PyTuple Check () .
PyList_Check () ZHRRA.

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

5.7 wfI{EMA Py_BuildValue() i {EE R ERTTH 7
RS . WU PyTuple_Pack () .

5.8 INfT{k C IEIMIPEY Tk ?

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.

BN, HHFIR10, O PRSP ek Jrik (RIS PEHEHIE)

res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
. an exception occurred ...
}
else {
Py_DECREF (res) ;
¥

Note that since PyObject_CallObject () always wants a tuple for the argument list, to call a function without
arguments, pass ”()” for the format, and to call a function with one argument, surround the argument in parentheses,

e.g. 7(1)”.

5.9 FHin{ai#E PyErr_Print() B9&H (S4ETENH F stdout/stderr #4
i) ?

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.
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A

R R io.stringIo ﬁ/ﬁ\

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

import io, sys

sys.stdout = io0.StringIO()

print ('foo'")

print ('hello world!")

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

o world!

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

>>>

>>>

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

import io, sys
class StdoutCatcher (io.TextIOBase) :
def _ init_ (self):
self.data = []
def write(self, stuff):
self.data.append(stuff)

import sys

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

print ('hello world!"')

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

o world!

5.10 nfa#E C FHA Python RE MR ?

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

[modu

le = PyImport_ImportModule ("<modulename>") ;

J

If the module hasn’t been imported yet (i.e. it is not yet present in sys.modules), this initializes the module;
otherwise it simply returns the value of sys.modules["<modulename>"]. Note that it doesn’t enter the module
into any namespace -- it only ensures it has been initialized and is stored in sys.modules.

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

[attr

= PyObject_GetAttrString (module, "<attrname>");

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

5.11 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.

R Cr+ B, FE2ES C Rk Bh e 2,

512 HEALLRERIET —@EM, B make KT EHE?

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

5.10

. WnfFfE C #FEA Python EREEM ?
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5.13 InfAEHRFEE 4R EE ?

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

MK, HEIRIEST GDB I

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

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

gdb) br myfunction.c:50

gdb) continue

5.14 FHZABAEFKA Linux Rk _E#RZE—E Python £, {BEHR/D—LEiE
£. EHtE?

Most packaged versions of Python omit some files required for compiling Python extensions.

T Red Hat |, 75424 python3-devel RPM AREUS A SRR 2 .

¥ Debian, j#{T apt-get install python3-dev,

5.15 fnfait [ EB@A | ESH [RE8EAN]?

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.

7 Python 1, AR PA codeop AL, &AM T HINTE (parser) (4 T(E). 42 IDLE #iA (& .

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

5.16 Tk FIRFEFHEE) g++ £F5% _ builtin_new 8 _ pure_virtual ?

To dynamically load g++ extension modules, you must recompile Python, relink it using g++ (change LINKCC in
the Python Modules Makefile), and link your extension module using g++ (e.g., g++ —shared -o mymodule.so

mymodule.o).

5.17 Can | create an object class with some methods implemented
in C and others in Python (e.g. through inheritance)?

I, R AR IEIEEE), B0 int. 1ist, dict %,

Boost Python (R zBE (BPL, https://www.boost.org/libs/python/doc/index.html) $Eft T —FE{E C++ HATI R
PEM I (BIRA] DAGE I BPL SR4EE A T C++ Sy 4% e 1)) .
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CHAPTER O

£ Windows {& F Python 98 REA& &

6.1 {T7E Windows {E % % # (L ;E7T Python £ ?
o P A T e B . WARARSHE R [a iR Foe] iR, I8E HRREAR G 2 HE)
e, WHURER, IBELTREEATHEI T,

BRARR G SRS S BB BN, R RIRERAOI G ERTiE ) [ Pn 7 Iouti sl | w475 $ X Windows fiy
Lo JEH, IRATLAER G A P8 S ond AESOERIOBLE . (RERZREEIRR ks R EE R
HEWRHE A E] Windows [ 3R TIcl, Bl A RABENK:

[C:\> }
SR REA R, B E BT AEEA HAES, WK REG RS B BIFIA R R SCF:

[D:\YourName\Projects\Python> :

B ETR i) BE IS e e i i, DA S AR d e 3 B A ) oA B . — FURIEE) s b — MBIt f , (st Rt
FIPAIEAT Python F2T .

VRFFE T, AR Python [EIAS 78 % o5 —(EAEE] Python A 3% B R PAGR L. H s & alUrmEA,
o Ho A R AL TS, SRR IATRZ AT S DAEAT AR RE . TR, AR e 2 HE R 28 R R B AR Y
Python g7

W, TR SRR G AL G py” S EE B B R0 TE S . WHRARE A BHE— M fy S 7
MR R A iy 4 py % return g

[C:\Users\YourName> 3% ]

R1% . VRIERZ A B N TH  EZ :

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.

>>>

RO ACEE) B RS iy [ HEEL . 53R IREEIA HLB) )7 U A Python BUAEHEF K, EFE%R;
REATECEI S B M. 552 Python J(EIRMIIREZ —. BAMRITEN #MEERXEEEER, 7RI
it

61



Python Frequently Asked Questions, %[ 3.13.1

>>> print ("Hello")
Hello

>>> "Hello" * 3
'HelloHelloHello'

w2 Nt B ARy (8 EU AT o R s s . A R AR L4 R B 5K Python 35, #EIFIY exit ()
PR ECR AR corl A 2, SRZIE T Enter” #EPAIR[H] Windows fiy 278 FIC.

PRVTREIE S 3 B — IR ThRERIEE , 52 M4 » TR 42X » Python 3.x » Python (4-47), BE®
AARE— R HE R >>> JURTI0. MAREN, ZREREVRIFIY exit O RABEA cerl-2 7
Je&IH S Windows TEYERER f HPA T B [python] fiy4, [EEIRS IF ELREAR I L BH PH

BAEBAMANE py 4 CHGR(E, MR LA IR Python [EIARMARE . fisZH(E] Python [E)4< 4 ¢ [}

BRAS RS B A . R Python [EIAS AR b, [EIREaA4[E nello.py, HARKYAQH&RTICIEMNR
(¥ H [E) (home directory) v lIEF| bl BAE), ARERmt & & IR T i E7

[C:\Users\YourName>

L, BUEVRI BRI oy I EEARRES, HMH oy fr M RmEASL 4 Python:

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

6.2 Jn{a{E Python [FIZ<TT LL#ATT ?

¥ Windows |, #21fEY) Python 224685 30 . py BIlAR 4 BL—FiAR S84 AY (Python. File) #:f TR, [EIER%AR
LR AR — 1 B (El 6y 2 2K T H 248 (D: \Program Files\Python\python.exe "%1" $*), iz /2DA
HE)A BB LASE AL foo.py” FITE AR ME iy D3R F e T, WARARAS 2 AR Bl B iy A foo” RUATENA, M
AR F RIS, RIE 2K py Bl 2 PATHEXT BEG 82 0t .

6.3 [El4+(E] Python HEFFEE DRAEFRZ 5ERE ?

i@ Python 7t Windows EEIE)fHErte, EMM&H Lo, %2 Python RABIGTFEMRE
(ISR A REEVE) . SR T B N R, Python 7 H At Windows %% A PATER AR, MRLE R %¢
(LT oA 1 [ 4 e 2

i {1 P AT R 2 L P ) B A B B B R TS Y . F AT R L Rt R 5
TEE MR EE AR AR RS T A U, &9 Am RS EE el . @i is L
e BT R IO, DARECR & M 0 WEECA W] . 55 McAfee #i e B (EVRAH I A R 58 2 S0 1 BTG )
Rf, B E R

6.4 fn{F# Python AL {ETT 1T ?

it S [EHe T4 Python [FIA s 58 50 =42 48 5 ¢ REREISN T R EWE AT 7AR 1 TR 5.

6.5 *.pyd {25 H DLL 4R ?

R, pyd BEEELA A, Hin g S EL. WRARE M AE foo.pyd By DLL, HIJE 0AHHA B
F PyInit_foo (). EEARATASS import foo” £ A Python [F)7<, Python J§ €58 28 foo.pyd (DA & foo.py.
foo.pyc), WIS Python R EIE , A& EHIEN pyInit_foo () AT HILAIL . REIREHRAY.exe B foo.lib
gk (link), HEE €5 Windows 33K DLL fJ174E

R, foo.pyd [1)18 22 B% X = PYTHONPATH, Hi Windows F A8 28 foo.dll (R[], 4k, foo.pyd
A A DA IR, KT RIS 7 — 18 L, HU dl Rt 08, W
P import foo, foo.pyd BL2WEAY. 76 DLL H, 452 DL __declspec (dllexport) {EJRIATE YIS
Mo AEpyd i, AR TR list (FB5)) e sk,

62 Chapter 6. 7 Windows {£f Python B9 REZ&E



Python Frequently Asked Questions, £([F] 3.13.1

6.6 0{a4s Python 2\ Windows & gzt ?

1t Windows Rk A Python ELRR A AT DA S A0 T -

1. AN H 31 Python & #| /R f).exe fH. £ Windows [, Python £AZH j&—{# DLL 7 ji H 4l
1y import, T HRLERIA A B th )& DLL., (G825 — R EGEm B R, ) kB sz
pythonNN.d11l; BB LEL c:\Windows\System 1. NN J& Python fftAs, BI4n733” w245
Python 3.3,

AT PAZE 1 P e AN (] 11 7 2 4G B Python . AR HEAY (load-time linking) 7R #1455 pythonnn .
lib, T TEEEEE%S (run-time linking) RN ELE 45 F] pythonNy.d1l, (—f%EM#: pythonNN.1lib
2 pythonNN. d11 ¥ REMY T "import lib”. & H & [EIgEHE 3 2 0595 )

AT BB A ROR i Ab T AR I P SR A e AR AT R B AR R R 0 ZE
Windows LoadLibraryEx () g I\ (routine) 2K # A pythonNN.d1l, #% 23S 2478 ] Windows
GetProcAddress () H BB IIFIIE, M pythonNn.d11l Hff (BA[E) Python C API 1)) 778X
WA R EIRETIEIY Python C APT #01 C #EXAE, EL4E AT DARE(E A IE S48 1 ny i A a7 B
[

2. WURARGET] SWIG, HIlnl AR 57— Python [ FEAH 1, LA i il e T A =X i) ORHRI method
(F74:) ATk Python (. SWIG GEIRIEIE AT Fr 7 1 S BN E . A5 R0, IRt C REsXas
Kz exe BHE () JRAENL DLL RS, sk T 4S .

3. SWIG #4837 —f init pRaX (—MH C B, HAREE RN E AL 2. B0, anRsaing 2 7
B leo, HI# init )RR €y A4[E] initleo(). AL F SWIG shadow class (ZEHE]), HI init R €y
initleoc(). 1B WG 1 shadow class BT i il K 22 BB 1) helper class.

PRAT VA2 BR 2 iy C ResURG 4% 2.exe AR AP 2, IFRIY A6 Ak pR U2 2800 import 554 it
Python! (ig/2 4 —fRRIE:REHkm B s . )

4. fmEZ, ARATABE A N RESCHS , AR S SERE AL 4R 1L Python FL##4s -

#include <Python.h>

Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.

PyRun_SimpleString ("import myApp"); // Import the shadow class.

5. Python [ C API A5 Wi 58, WSAR {8 F MSVC (A 2% pythonNN.dII {1 4 ) DA 4 s |
T L B e A A

M 1 fi] rroe ~ SI8RTRE [HEE R ) msal, 7EZ M ds (multi-compiler) fYBIE 67 i
AR, ISR struce FIie MAREARR. TR BUNACH , LML IR _ (RM
_ e

[/ 2: SWIG 7E[E] void e s [EIE A4 05X (wrapper) IR 714 DA T FEUHS -

Py_INCREF (Py_None) ;
_resultobj = Py_None;

return _resultobj;

W%, Py_None @2 —fHE 4L, B @ MEMB|—#Z M, 4510 pythonNN.dIl [EJA—7HAFE _Py_NoneStruct
HEVE R A . RIRRRY, UREASTE 2 A atn BRI i B R i s R X i B [

[return Py_Buildvalue(""); ]

A ATRERT ABE ] SWIG [ stypemap fiy4 DA H BIEA TR B, BEARBOR B HIE RS (3
e—fHsE Az SWIG 7 ) .

6. {41} Python shell [EJA4¢ f41r) Windows Jfié i #2275 — 1 Python H RS HL 0 A 2 — MW i 355
A% AL A B AL R R AU o AR A BN, AR (2 wxPythonWindow class) Jf % 28 7.
—f [AHE] BRI . A %0l 7 id4% 3] Python B as @ MA LY. 1RV VA Python 1Y i/o T
SE [f] (redirect) | i) S IR FIHCHIE AL 1F, PR A 52— 55 read() F1 write() method (1Y
Python ¥4 (TEVRRBEFERAL P RESR) WRTRAT
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6.7 tnfuprlL{REEESEFAY Python [RigHShiE A tab ?
FAQ Ak fii ] tab, H. Python JE#E TR PEP 8 @k #E 4 X Python FX A F 4 18254 5 i85 t)& Emacs
1) python i THAHE -

AEAT 4 BEas R, 1% tab FISS MR A2 — M3 T . MSVC e it 28k, H ol DAECHAfe & [E)
HIZskt: SRPET R » %8 » Tabs, SREE [T MBI, 4% [Tab /N F THHER/N eE 4,
R (TR AZSHE ] B

MRIR G tab fIsSk S T B 2 [ F o B RE, Python 5| %% IndentationError BY, TabError, /R
WA PATEAT tabnanny B4, FERLRBLEN N A H [E)

6.8 IIERHEMELEITEE keypress ?

i msvert #if. &2 —RIEHER Windows S A . B T MK kohit (), R T
P 275 ST 82 (keyboard hit), DA PRI geteh (), R @EUS M50 HAS G LB .

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

1] Windows 8.1 5 T LIS AHE , 7504 22 4 A (O T0RE, J AT AE A Python 3.5 DA FAOUA B8 28 il
I, BB R R 13 R 032 % BIE) FLR B0, Wity EIA, il Microsoft 9% 11
AU B -8 %4 C Runtime 58 BA0 44 -
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CHAPTER /

BRERENEE REESE

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

Python FZEHE R AR & f & Tel/Tk /N T HAE (widget set) #4481 /116, #8E tkinter. 38 W RE 2 M4
Sw 4 (HEE B S 1E Python YR # HEH 1 AR ) FIEH B . A8 Tk fFEATERR (38
JEIERER ), 52 F) Tel/Tk 15 . Tcl/Tk ¥E macOS. Windows F1 Unix & | 4252 4] [F] (portable) [

WARIREAL AT 6, A HoAh RS8R, 7E python wiki bl DAHRE] — {051 £ 1A L4513 S0 11
GUI HEZEIF 5.

7.3 Tkinter BJBZ&

7.3.1 n{aE % Tkinter FE iR ?

B4 (freeze) & —fA REE M 2 B RN TR FEBRAYT Tkinter JE A2y, ax AN 2 HIER)H
ar, IERZ I RE AR5 2 Tel Al Tk pRi =X

514 JE P RE B Tel F1 Tk i X FE—F188 % 2R E 3, EERATERETE (run-time) fififf] TCL_LIBRARY Al
TK_LIBRARY FROFAHMRCPS 1] % R B

Various third-party freeze libraries such as py2exe and cx_Freeze have handling for Tkinter applications built-in.

7.3.2 ZEOLITESR /O BFEE Tk 4 7

TE Windows PASMHE- 5 F@ AT AR, AR R EENATEE ! (H2, IR RSB RIT) 170 FEaS. Tk
HA 0N Xt xeaddInput () BIRREIPIY, & RERIRFCE— 1 1IIF (callback) Rz, & I/O 7E—HHS
HOARSF (file descriptor) | R HEFTIE, 3% BR K€ 4¢ Tk mainloop #IENY . #52(E tkinter-file-handlers .,

7.3.3 HEEFERF (key binding) 7£ Tkinter ch{e: [EMt+E ?

— SRR BRI AR, DB RAEK (event handler) CLAE[EI4E B4 bind () method FFHF, {E7E
HETAHRERO SR, %A B R

i IR, [EEE R/ N T HEES [#AA S (keyboard focus) . F At Th [EIWSC: i B A 45 i
ER. WE, BRE—ENTH, ReEgRas (EAEHREE; #2[E takefocus ).
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CHAPTER 8

[[EMHE Python # iR EIMER L 7] EREEE

8.1 {+E/& Python?

Python f&—FRRLAHIF . TR MRRSIHORET Bt b ) Python F 28 55 BRI . et
s o K SRl P AR 2 10 T 1 (Lt B B e A ELFT ) G401 Google
MK BRI AT

AR ELE T Z B Python BYJIEH, 7T RASE(E Python 15255 154 | B AR ETT -

8.2 [Ff+(I Python # = A F A2 L ?

A REE B 24 Python R R B, (HANGCARIE 2 4&8 , A W] HEZ28 DA T A BR A 24 m) .

o HUFFHC A A o AR ) £ A AR R B R B L2245 T Pythons VRT5 22 m] AEL— T ol B A8 i 1
AR HoAT REIEA T2

o BREPIELI S =07 e AT RELA Python #5153 [EI HA42%#¢ T Python. kY I I FEEIR D,
e GUI R 21 A8 ] i e A7 5 (AR A

o —LBZ2%E Windows MR 4E Python BRSO E T, M550 HP 82 Compaq i it
AR AT TH R 2% Python, BRI HP B Compaq #7314 B T R AR 302 it Python 3 5 P57 .

. %*ﬁﬁﬁé‘ Unix 2%, 40 macOS Fl-—4¥ Linux 7R FHEEZ 46 Python; R 6L &L 4 4E
Fl,

8.3 FEEB1TEIR: Python g ?

s B4R Python (12745 77 EE

HAHNGEA LS Python, AR HATRSIREIRE , EA @A & . Windows fEEERKH, FHR
24l & (Control Panel) A= R /8% BRAEAIARER 2046

7 Python Je i 5 =0y M AR LWy, ] 4TRSS, Al i AR O IR IE T BUA T AR R (8
%ﬁ?%ﬁiﬁ%@ﬁ%fc%w%ﬁﬁ#ﬁ%lﬁ% Python.

FAFE R IBLAE Python, ANEGEFSIRE . SR 5 e THANXREEATHEN, #HTBRE,
itk Python i‘“?%’ 1 TR IAIE R NAT. TR MRS, A RErORELE L M.
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APPENDIX A

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

AR

o AR AR RIS I . e — B VCRCH 22 E AT (delimiter, BIAINESR. J5fR9%. E4
SREk=515%) [EI90, SURTERRE — (A4 Ads (decorator) 2 1%, ZMAFEAMERE, Z 9 X shell
HURHYTEGX Python $2/R7°7C.

. @ﬁ%{ Ellipsiss

abstract base class (1% JEEE(E])

g 2R HE) (XAEE ABC) 4t T —FHE AW %, VEEduck-typing (B5FHUE)) Wt 7e.
HABRA BT, 1502 hasater (O, AVBARSRRNEUR WA RS (1l F BE#T /73 (magic
method)) . ABC [EJFI[EJ#¢ ) subclass (FHiE]) , B MEREA H 55— class (JHEE]) , (A58
isinstance () } issubclass () ¥ik; H2(E abe FRE4HEIRH S04, Python A £[Fl) ABC,
IR ERIEHE (FE collections.abe 1) 7 (FE numbers 4 ). By (7€ 1o Bi4H) K import
FIRA AL (E importlib.abe Hi#) . RATPAREA abc fi# 7 H T ABC,

annotation ([EJf%)

— R BELAA Y class JEE. PR 2 ol n] E(EAT BB AT, FRAER, B U RAEEpe hine (Y
EHER) .

TEATEREE (runtime) ,  [80388 B00) (EURR Al A7 B, (H At . class BRI X E#R, &0 (E
WA AERR AL . class KU __annotations_ FRIREYES,

#5 2[Elvariable annotation. function annotation, PEP 484 F1 PEP 526, gtz %A HLohhEnyEI .
IBH A (ED R A {0 188 0 25 575 2 (E] annotations-howto.,

argument (5]%})

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

o B4 7| # (keyword argument): TERANEI Fr, PAEKE]T (identifier, I name=) BHSEMIE]
#, o2 DA <+ 1 dictionary (7 ) [EIE M EIERS 3. B4, 3 F1 5 #ZPAF complex ()
L] o ) [ 5 |

complex (real=3, imag=5)

complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): Je BT 51T B FUET | BOTAE— {5 B LA E 1R
B, () 1EE » 2 Wierable (AIEMAIE) HITCRBERE. Fln, 3705 #RAT
ERCENCIVATCIE &

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

5| BB S A e P R PR DS B, B SCICIE R i i AR A R, 5 () calls Biffi . 72
g b, ARAE S AR T AT ARG R — A5 18 HRPAS (i o i [ s 0

2 ERTEE Wparameter (281) H . & ARERAY 7| e 4 S may £[F], DAK PEP 362,

asynchronous context manager (JE[]2{E555H1%%)
— il 7] DL ] async with BRI r RES YA, MERLEMEFRK __aenter_ () Fl
__aexit__ () method (%) A=y, H PEP 492 5] A,

asynchronous generator (JE[RIZBE:ZS)
— 1l &r [B{#asynchronous generator iterator (JE[FHEERSEULEE) BER . BEHERG MDA async
def ¥ FEM I FEK I\ (coroutine function), R EEME T yield HEX, GEAEM—FRIATH
J& async for [EIREIMHE,

T AT AR — IR P E A 28 R, (BRSO R, WA FRn Ak R A SEX
% (asynchronous generator iterator), H—FAF 0= ERENSHE, IR 528 ATsE, DA SR s,
=i

— AR B A ek U T BE A3 await 0, PAK async for Ml async with BdsX.

asynchronous generator iterator (JER]35E): 25 EURES)
—Aiil i asynchronous generator (FE[EMEIAERE) RAFTESL Y.

& 2 Masynchronous iterator (AE[FIEECRY), H B DA __anext__ () method #EHERYEE, €r[a]{H—
TE PSR4 (awaitable object), %A HATAERI B E L AR T8, HEBE]F—M@ yield
T yield GrEFRIRLT, [ERUEACERATIRGE (FLHE e S M B oy BRAR) ok
Rl E 4 SEIRE AT — M8 __anext () BIMEMTWT SRR A SRR, S G0 1ErH )y
HHAT. w521 PEP 492 fil PEP 525,

asynchronous iterable (] nf[F{CH1:)
—EY 1, B PAYE async for BRIAX M. WA EM _aiter_ () method [A] {#—
B asynchronous iterator (FE[FAHENLES). H PEP 492 5] A,

asynchronous iterator (JE[RI2BERES)
—HEVE __aiter_ () 1 __anext__ () method 4. _ anext_ () WhZE M —{Hawaitable (W]
GRRIME) o asyne for GFNTIEFR A EURERNY __anext__ () method fif [ A S RF 14, HEI
‘B5| % stopAsyncIteration fil4h. H PEP 492 5| A

attribute ()&M)
— {1 B A B W (B, %R 22 Rz 2t £ P 40 B i3 5 (dotted expression) Y44 Fl g2 HE . 3l
an, WY o A& a, HIFZETEREDA 0.0 #EZ3 K.

WR—AYE T, ST — 4 A2 identifiers fif & 382 #h[E)FF (identifier) (1))@ M2 A
ATRERY, BN setattr (). 1505 bR A0 & T 1 406 32 5 P 285 20 B e B XA B, T i 7 i
getattr () KEEE .

awaitable (WZ54591t:)
—fE T DATE await 352 Aol il i 2 . & 0] AR — Ml coroutine (15 #2), B2 — (A _await__ ()
method ¥4, 5552 [E PEP 492,

BDFL
Benevolent Dictator For Life (45 {-28M##% ), X 4% Guido van Rossum, Python f{#I3E# .

binary file (__#Ef7f§ZR)
— B BEERE IR 55 A bytes-like objects (JENLTCAER ) W file object (REZRIPF) . —IENIREZRIIHI T
;ﬁt I)j:@{ﬁﬂﬁiﬁ ( 'rb', 'wb' ﬂ 'rb+! ) %E@T’é% sys.stdin.buffer, sys.stdout.buffer,
PAJ io.BytesIO fll gzip.GzipFile EHi.
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w2 Eex file (CFRE), ER—MARRERIREA str WIHRRHEDITE.

borrowed reference (ff)J1]%18)
1& Python ) C APL 1, f§ 12BN 28, Lz RS EA g S M2
M. ARz R E), B BE) A KR FEAF (dangling pointer), 4N, — K3 [A]IK (garbage
collection) W] ARG MW (11 et — Bl strong reference (12 1&), i sz {-85(E,

$borrowed reference WM py_INCREF () DASSE JRE#h (in-place) #[F|([Elstrong reference 21k 8t 55 A
W, BRAE Y A REE R AR — RS 2 B2 Bt EH(El. py_NewRef () BRI W] R ST — 1

Hstrong reference.

bytes-like object (REfic4lH ¥tk)
— i 5% 3% bufferobjects H HEEIRE H} C-contiguous B WP . BHIEFTA M bytes, bytearray il
array.array Y, PAIGEFZH R memoryview ¥4 . BN TCALE P FRT F A BERE 3807 Bk
RAEEE; S LA AR . R R BN RS socket (FEE) #ERK.

U TR A R T . [EESCSE R g R E S R E) [ R BT R e
Eqﬁﬁ%%ﬁﬁﬁﬁﬂ@%@?#f@ﬁﬁbytearray, I/:/\lkbytearrayE’g]memoryviewD }iﬁﬁﬁ@ﬁg%@%ﬁ%ﬁ%ﬁ::ﬁ%ﬁiﬁi
R Y (TMESI BN TR ])) T B35 bytes, PAK bytes PIFHY

memoryview,

bytecode (fyiJCA1RS)
Python [ J5% 45 8% & 9% sk U AL TC AT, B2 Python £2:U7E CPython Bkt W FIRT#R k. %L
TCAIE L WO AR coye BT, DA RATRH — A R REETE Pt (v DR AR S5 AA 1
R E N CALE) . SR [ EE S (intermediate language) | 48 [F) 2 47 4F — 1l virtual machine
(Elerges) b, s EIeies G fT B (17 CAHLAS S E A A28 6 (machine code). BEYEEMIE, 7
JCALAS sy _b S A R F] ) Python [EfEMR  BHEMER), BASREXEA IR AR Python 2 B 45

(LTCALAGAY 451 T ATE dis AR EIRT SO )

callable (n]WF-nl$y1}:)
— 1 callable ;2 F] DARLIF I 404, WU IRF AT REDA R ST A — A5 9 (i Rargument) -

[callable(argumentl, argument2, argumentN)

— ([l function BAEFE A ¥method F 2 callable, —fH7G EHAE __call__ () JEM class 22 B il 21
callable,

callback ([A[I:)
VEESS | 35 (3 08 A — 1 Bl A2 X (subroutine) pRX, e A AR A S e ] S M LA T
class (Hi([E])
— I FH A 2 A 3 W AR . Class 1158 8l % € {07 method [1)7E 58, & L% method 7] A
TE class [ EBI_EIET 4R
class variable (K([E/5%4%)
—fRIA7E class R EFE, HERZ HAETE class JEIK (GBI ZAE class [EEF ) BB 588
closure variable (PH{e%4%})
e SN F I b i 28 FLAE S 1F 2R B IR A v % 3, N2 runtime f¢ 43 (172 Ay 44 25 [T AT -
Al PAE ] nonlocal BSETAHEE AT R ALLE, B35 QSR 185 s oss S b X e B vT .

FlantE P AR A inner BREUH, x Ml print HR2 A B S &, HEH x e % &

def outer () :
x =0
def inner():
nonlocal x
x += 1

print (x)

return inner
.

H# codeobject.co_freevars J@ME (EVEFAMANML, (HEEWQEPHUSBIARE, WA RS T
A2 B b)), WS IR AR, AR = WM @AY A & & S
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complex number (([EJ%)
—(HFRM PR E MR RNIETT, ST SO E Gl B B A —ERR 2 A . B
AT (-1 AP AR ) RO EEGS, SLEEO M s A h g B E] 1, 76 TREER i 5[] 5. Python
BTHER SR, CRABRENTERERER; FRIeHE REN 5 g, Hluns+15.
FrEHE math B E)Y) T HARR00 AN EI, 550 cmatn A, (IS B A A2 — IR 3 o Fp ) 3
IR . WRAREAZE RS E MR, AR GERE & /R T A2 b 20 B M

context ({#%5%)
This term has different meanings depending on where and how it is used. Some common meanings:

o The temporary state or environment established by a context manager via a with statement.

o The collection of keyvalue bindings associated with a particular contextvars.Context object and
accessed via ContextVar objects. Also see context variable.

o —ff contextvars.Context Y. B [Flcurrent context,

context management protocol (5B ALE)

i with BORSPTIEIEY __enter_ () Ml _exit__ () Jrik. #a52[E PEP 343,
context manager ({555 H1%S)

An object which implements the context management protocol and controls the environment seen in a with
statement. See PEP 343.

context variable (fi5iE559))
A variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between concur-
rent asynchronous tasks.

contiguous (&%)
15— 4518 [ C-contiguous B & Fortran contiguous, BB @it ti[F 2B agin . E4E (zero-
dimensional) f{] 41 [ #R /2 C M Fortran contiguous , 7 —#ft (one-dimensional) [#%1| /b, 4% T8 H W /ELERD
TR PR AR AR HES ], TR S 72 1 2 BRI Y « #E 2 419 (multidimensional) C-contiguous [
Frh, Heat LR NE TR [ A TE E RE, e — RS 8 kiRt ST, 7E Fortran contiguous
Wigrh, 55— R GEEE .

coroutine (i)
P IR (subroutine) 19— HIEMEHEAG LA . FIFRLS 2 5 (A I e A 5 — e
BERGR A, B DIE RS R R B A B AR 6. LI asyne def Bk
FIE. HaE2(E PEP 492,

coroutine function (FErAR)
—{E [l coroutine () PR, —ERHFERINEELL asyne def PR WES, EREEt
4 await. async for fll async with BT . SLEBHEF R PEP 492 5| A,

CPython

Python FE R 555 FUAZE B /E (canonical implementation), #%#E7i7E python.org I, [CPython | &1 #7
PR A, DA M B R B RE F R EAE, 40 Jython 5§ IronPython,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing
asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.

decorator (Z:fiiz%)
— R, I R, S G ewrapper §EYE, # M )7 R =X 1) 8 () (function
transformation), ZEf#FIHE &L classmethod () Hl staticmethod () »

Hetian ik HUE R . DA e o FRAE R 3R R AR -

def f (arg):

f = staticmethod (f)

€ & A}
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(B E—H)
@staticmethod
def f (arg):

Class WAFAEF A AR S, (EXEIRE LA H . B ffigs i ZE%, @2 EmAEFM class
FEFEIEIRH S

descriptor (}iiR7%)
EEFRT __get__ (). __set_ () B __delete_ () method 4. &—1H class J& 2 — i
WERIE, ERRRR A TE G e B v IR . R, (A ab SREUS . s ok EIRR R
¢, Gr7E a i) class T3P R A REE b i9W¢F, (HANSE b 2 — A, E'J*H%J‘E%E‘Jﬁi@%ﬁ method
ErpieEn SRS A AR R A LR Python (URHEE, WEIEMEFrZIhiem s, SLhst
g, . method. J&E (property). class method. [FJfE method, DA% super class (A23H([E]) B2,

B A 2% method B 2 51, w52 (E] descriptors B A S I 51

dictionary (5zilL)
—{| B i [#41 (associative array), H TR A8 G g BB . ST DURAEATHF A __hash_ () Fl
__eq__ () method f¥I{4F. #E Perl Hili FEEIHEE] (hash).

dictionary comprehension (ilLés & H5)
—REBE Y, AR T EMR A i AR e 2R, (B R SR DA — i 2 L ]
results = {n: n ** 2 for n in range(10)} FAE—HFH, B TH o HIFE n

2, #52I[E] comprehensions

dictionary view (“HLEE#L)
% dict. keys (). dict.values() M dict.items ( E%E’]#@{ﬁl:%ﬁ*ﬁ.%iﬁi*@’ﬁ bﬁ%ﬂz{ﬂ:?%
HPIHH B R, SRR B Eﬁfffﬁﬁ@fi@h}w@ﬂ i BEE 7 S A i ()
SRR list (E2%1)), ZEfH list (dictview) . FHZ[F] dict-views,

docstring ([EIW]2it)
—fR7E class, pRAHAA A, EES—MEE LB TR SO . MR EAEE AT IR 2
AT A R AR I, [T class, BRsUSURLALE) _doc__ k. D] s il DA%
#[F14 (introspection) AK[EVEE, PG e @4 R0 ) RH SR AR A HE AL

duck-typing (5§ %[F])
— TR R ER , BN RE AR Y BB E B R S B IE R s BUmT 2 12
method 5§ Pk 6 B AT BB . (TSR EHEARB [E—7- 1 ELny i e 1% —EG -, AR[E
E—ER BT ) FEIER IR ZE, kO aE 2 LB (polymorphic
substitution) HCHE T A BTG . 16 THUEI R A type () BF isinstance () EATHIEL. (HEFE
VR, TETRIEIRT AR 46 2 58 & 28 [E] (abstract base class) ﬂ{ﬁ?ﬁo) SR, BiEHE EEA hasattr ()
WL, B EAFP B RTEAS -

EAFP
Easier to ask for forgiveness than permission. (FEREM W RAELES ) B R Python 4
JEHS G e A R S B AT, B % RS %ﬁ?ﬁﬁﬂﬂfﬁﬁ%ﬁ% 128 7o 7 () LRt g JEL S
HAF O RIFETT 20 try Fl except BRI, EMHFFZHMFES (K140 C) % RIWLBYL JaA%TE
BT ¥

expression (R
— B AR EDR (AR . EAREE], —MEA e oy, SR, BEFE. EE TR
W S R AT PR SRR, T 2L O PR RE 1] i Eﬁi#z;ﬁé{ﬂinn HAFEE, FHERER
Python 35 5 WA HE R . S AN —statement (BGAT) AREHEER S, B0 while, BX
{H (assignment) 0 & BAZ, MiA A .

extension module (¥ 7 4l )
—fE DA C 8 C++ S B HA4L, B0 Python [¥) C APT SRERAZ.Cx S At Fl ARS8 T E)
f-string (f GzH8)

PA e r [EESE M TR SO EEBREE [f 78], BRI SOR AR . 2[F
PEP 498,
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file object (KxKWik)
— S ) A 222 ) (file-oriented) APL (Ul read () B{ write () % method) HHAEIT)E & IH
MR ARSERE E Rl 2, B RRIE ) o 2 R ARG 52 ol L R B %) ol A7 i g
B (A /. SR sESRE R . socket (3R ). 44 (pipe) 45) MIFEEL. A EY
WeARE 28 4% R M1 (file-like object) B % A (stream).

B L, A=MEEEYM: RGN =814 5. B —E 158 S MUF48 5. BMMIMELE io
WAL E SR . B YR R R open () B

file-like object (Jik§RW1l)
file object (REZEWIE) A FEF .

filesystem encoding and error handler (K2R MmUEHEL RS F)
Python fr{s F i) — Rl A A RN SR BE PR 20, I AMRAS K HVEZE R S, ALK Unicode %ifif§
FIEERSL.
R 56 2 B S AR L ZEL DR B R BT RIS T /NI 128 I TG . WNSRAE R R S s S e g it b A, HIJ
API {0 & 5% UnicodeError,

sys.getfilesystemencoding () ﬂ] sys.getfilesystemencodeerrors () @ﬁﬂ}ﬂﬁﬁ@f?ﬂﬁ%
B 5500 S A R 2 o B L PR X

filesystem encoding and error handler (%% 28 2 &% % A% F1 45 32 % ¥ 5K ) & 7E Python [F) B I
i PyConfig_Read() @ﬁﬂiﬁﬂﬁ ﬁ%% filesystem_encoding, PA M PyConfig =

filesystem_errors,
Wai2[Ellocale encoding ([FI4WAE) o

finder (=HbgdY)
—fEPIE, EaEREIETEY import PBAL R loader (FARR) -

AR AGEE . TUIAIE F R B (meta path finder) ST ] sys.meta_path, MiyA4€78 B F# %
(path entry finder) € ffi[f] sys.path_hooks.

%% 2[F finders-and-loaders F import1ib DA T fETE 40 .

floor division (] FIUEEERL:)
i) T ARy 2 B B T B B B R . ) N U BRERE R T2 /. B, EE 11 /7 4
AL RE 2, Hfloat (FRE¥L) EFRVEFEIER 2.75 AL @ER, -11) // 4 WERRE
-3, WIEHE -2.75 #é F ML . 2 [F PEP 238,

free threading ( [ iT4%)
(E)-BRBATAEIEAL, 2 AT A 0 DAE ) — 3385 o AT Python (i CALRG. BSR4 138 5
SIGHE, HE U R A TRAT Python GCALES. 2 PEP 703,

free variable (1 Hi5%)
Formally, as defined in the language execution model, a free variable is any variable used in a namespace
which is not a local variable in that namespace. See closure variable for an example. Pragmatically, due to the
name of the codeobject.co_freevars attribute, the term is also sometimes used as a synonym for closure
variable.

function (pf2X)
— R B, B REE A Y [l PR AR R R B 2 7| S, 1 2 [ i
AR AT, i 2 Elparameter (281). method (J5%:), PAK function FEHi

function annotation (F&X[EIRE)
PR 22 gk BELE I — (M annotation ([E1FE).
o 2 VR o il A 2 (3 0 i, S ek ST I E S 2 W int 5180, EEAE M int 1]
oA -

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

e s EVRE A VA TE function HE (G REAT R R
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it 2[Elvariable annotation F1 PEP 484, Y45 WINGERIHEAR . WA EBYRIEEE T, Bazl

annotations-howto,

future
future PRI : from __ future__ import <feature>, @f5/R 4 el JIAFLEAE Python oR 3R 5%
A ot UE R HE A REE SRS, RS E Al . T future BHHRAET feamre (%
fie) PTRENI(E. #i import AR FB AR MOR(E, IRPT DA S — (T DI RE 2 (A I 1 R T 1 2
FEE T, PAREMFS e (SO A) mIEERH6eE:

>>> import _ future_

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

garbage collection (3 [mlik)
R IR T B, A ILRERLA L. Python BUFFRLULITI, 2%l % B H 8 (reference
counting), DA M — 1 & [E) 4% ] 0 B 22 IBAGEEE (reference cycle) [ F¥8 b7 3% BIUL#% (cyclic garbage
collector) A&5¢ fi . B3 ISR ] PAEF g AEAH 3 Haf g T4 i o

generator ([FJH:%%)
—A{E & [5l{E generator iterator ( i%%ﬁ%%) MR B RAUR A IE R, AR 2T
@8 T yield MHA, GEEVE— I, EEAATH I for EE, BRI next 0 Hist, HEIH
FIH A — A .

B ARTRE T I ARE R —EEESR R, (AR, R RnE A SERE. B—H%
FWEEAREERE, IR B mNE, Dk,
generator iterator ([F2:%$FICES)
— il thgenerator ([EVA:2%) BR=FTESLIPI1F.
B vield EFRIEART, ERCAOCEHATIRE (OH6 RIS MO E T uy Bk, HEA
REK B RIERE, &g b mth ) B e AT (BEARSERE R F R 2 8 B A i e =X AN )
generator expression ([F)/}: 2$#E5X)
— i W R S K B RERG IR, B EaE M for ), T ES
TEE . HE AL — BRI it 7). A A e RS E A 2 R

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

generic function (7Z%IpX)
1 £ 2 M R AR B BRI X, % o X A [ 1) (BB VF R [ (1 SR . P o] 3 (0 O A
1, 2R EEE A (dispatch algorithm) SE)E o

552 Flsingle dispatch (B—3HE) #sEEMH. functools.singledispatch () #Effi#sfl PEP
443,

generic type (JZ7UI(E))
— i B4 2 84k (parameterized) [Hjrype (BUE)); H 2 A, %2 1ist Ml dict. BH
FHA A B2 = FilE) 2

g2 BE 4 %E. PEP 483, PEP 484, PEP 585 fll typing Fi4.

GIL
#52(Elglobal interpreter lock (430 B 2E8548H) .

global interpreter lock (42h{ AR H)
CPython B T ROMER], T DARE DR B3 H8 U — I8BT4 BESLAT Python [byrecode ({2 7C#
5) . FHAEY AR (EHERENERIE, @ aict) HBEyHLEGRESTFH (concurrent access)
&R, A% T DAfE ft CPython F)BE4E. 8w B (M LA, @M B a8 A L) KB 2 AT 4%
(multi-threaded), {HAR(E /2 S Edni 2 JE BEAS AR 28 RE[EHR (LA — KB P47 (parallelism).,

SR, A5 Le M4, M A a2 58 =y, Bk s e AT R A ol A (B S 45 g
(computationally intensive) AL REF, W DA GIL. H4h, FE#AT /O B, GIL 442 ey fifig .
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¢ Python 3.13 BHAATT DAMFEH —-disable-gil ZE R ENRIEM GIL. ff I S.IEE ST Python %, &)
A -x gil=0 KFATREXMS, BUEHE PYTHON_GIL= Ofgfﬁiii«éﬁﬁmﬁzitﬁ% HIIRETT A
B ENERXNEE, B0 CPU st B E A Y. B L HEn,
##2[F PEP 703,

hash-based pyc (ZfEZEHEN pyc)
— {7 TCALHG (bytecode) BT 77As , & (o A AR (EME AN J2 S HE DR U AR R M Be R IS Bl Re P, it e oAy
Wbk, #52(E pyc-invalidation.

hashable (] 3[EI))
WA — (N, s (A A aEH kR M8 (B 7F%— _hash__ () method), H.
] B HAR Y BEA R (B __eq__ () method), HREIE LT 4B, Hiss
(EFA A5 2 ] e E 2, e M 28 A A 7] A A (M

AT 3E[EI: (hashability) {—{H 44 1] F{E dictionary (i) AYSEEA set (FE4) KA, HEELE
4 REERAE L ERA A T 3B

K2 Wik Python A HT S EIRYY P1AG 2 nTAREIY s TARAGACH: (BN list 5K dictionary) [EJAVKE: WA
A S (B0 ple (JCAL) Al frozenset) , HUAHE MR ZAMER, EMAS A 205k
By PR A€ class EEH], HI5E L6 (4 Gl Bk (T A Y bTFﬁTE?FHtE%?HT%‘K
RSN (RAFEMEACIE), mEMREEERZA4E B EM 1d(

IDLE
Python f{] Integrated Development and Learning Environment (%% &5 B2 B EL S ) . idle B —fH AR
) S A AR AR TR S . B Python PR HEES AT IUAS— el d it .

immportal (f33)
AR (Immortal objects) & PEP 683 5| A CPython B VEANH] .

QR — AP R, B4 s HORGEAN B e, R IR B R TR B GRS SRR k.
41, True il None ¥£ CPython A2 A .

immutable (An]%H1k)
— B EEE . AP AR FEER wple (JCAL) o B RABEBOEE
SR B [ P (b ZER (o A, UM ZECEE ST — B A . B ZEE e S EME A by, P
BLFA (S, B4 dictionary (i) At —1E 5

import path (5] A¥K1%)
—EOE (4 ea B ) WFE, ARLEN Bl AE import ALAHINE, Er@iparh based finder (E:jiH
eIt ey ) MEBANAE . fE import P, ML ES)FEE KA sys.path, (HERFEM
(subpackage) 1M &, EMWAIREERKH LEMR _path__ B,

importing (5IA)
— AR . —ERALH Y Python RsUHE AT A B ILIEA , #0) — B4 H i) Python REsXAS{H ] -

importer (5IA%})
—f REE 4k AR EWbR finder (SF4gis) tidloader (FALR) Y-

interactive (7. TiY)
Python A — i H.B)=C B %4, E%‘?iﬂhﬁf%Eﬁﬁﬁéﬁﬁﬁ?ﬁﬁ/\ﬁﬁﬁﬁhﬁ—t SERIRATE
MEHERCMEEHRE. REEH) oython, ANFEATLME 8 (W] HEHE i 7E VRSB Y 1538 B sk
B). malli s ds pug e n dEE ER M O (R help(X)) W 2 7B B AH B &

#HE5 FL tut-interac

interpreted (PLi21)
Python J—Fl (1SR S, TSRS 2 . il 40 T AT S, PRIV i TEA4LAS (bytecode)
SR I AFAE o Li‘%ﬂ“ﬁﬁnTﬁquU\E%WLﬁ, 1T AN 75 BB ST ) — A TR, SRR BT
;.ﬁ‘%nn ml_(.r%tlﬁ%ﬁ:)%nn HAEERN B/ BRESEIN, R e R A TR .
[Elinteractive (TH. B

interpreter shutdown (P 2SEH)
‘H Python F{p#Rdi ZURBIPANE, B & A— R B, 5T BT A gl & g, ol
UITRE AR N 4% TR B SR EI R A5 1 . Bt 22 YRV 35 3 =) )i 52 (garbage collecior). & REEIEBE (i Fl % A
E WG PR (destructor) 50555 | A [EIIF (weakref callback), [FJ A7 R0 . 76 BH PA R Br bk
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AT IR GBS A REHIS, FIEVE FF AR R T R R AP T (% RO TR ok L
o ).

HARG A EZER, 2 _main_ BEHEUERGEITHEAR CARATE M.

iterable (W[[EMCHIf:)
— BB W A s B R PTERS B TS5 T BF I BE (B2 1ist, str
Al tuple) *ﬂ%lﬂﬁﬂlﬂ?ﬂﬁél B@ dict, WX, U\&M\Fﬁ%%ﬂ’ﬂﬂﬂ class )4, HEHRLE
class f5 __iter__ () method 8{ 2B Esequence (JT4) FEE M) __getitem__ () method, FZH{sti2
IERD:.

AIESC AT R for [FIREFNFF 2 HAL TR 2P S H (zip O« map () ..). & —fEAERY)
HAEES | g R A E# R iter O B, B EERZY O RE—MESTCE. ﬁl:lf:%%x.ﬂ%ﬁ%f%#
AEIEST— (one pass) FEE . M FAEMCERE, MWHA—EETIFN icer () S AFTEIEIE.
for BUAE A B HIEWREILE S, B Er @R R f 2 s, AT EIRE I R AR %
EWtEs. FiszFliterator (EUREY). sequence (JFH)) Flgenerator ([EVE#E),

iterator ([E}{2%)

— A FE R ER R Y E. EEPEIERERA __next_ () method (=244 T 18 45 (B 2 b X
next ()) GKFEIEERNEHATEH. SEAHA ERE, HI@5]% stopIteration B4k, Bt
W, ZERSEYEE S, W T(T8E _ next_ () method [t — 2N, %5 H & HK D] 5
StopIteration, [EMUHHIAEA M __iter_ () method, B €rEEHEUCEMIEAS, A AREHEE]
RESEAE T E 1, BT RAA K 2 o F H A T [E 035 6. —MIRE B 4h, 2E
#t Z i [Ef (multiple iteration passes) FURER M. — AW (B2 1ist) HERRIRK EHIELS
iter () BRETE for DB P EM, #elE—MaenEites. FHERESERILEHE (2R
ﬁ%ﬁﬁj,%%/\@ﬁ]%%muﬂﬁlﬁ'Wﬁﬂ%uﬂﬁ ] — 1 £ 4 ) S R 1, AR AR —
[EREGRE

TE typeiter 3R] AFR 2 B £ E L.

CPython Eefi#fi: CPython [ER KN —b#s frtads [DRBAER _icer 0 ) M.
S AYERE, free-threading (FII#A7T44) CPython ARBEIR BB HATAE 4

key function (HpH)
i R 7 R 2 (collation function) J&—{R W] FFHY (callable) pRxC, & & [mlf#—{F FI A HESF (sorting)
S E P (ordering) AU . B, locale.strxfrm () Bl FARIEIAE B 1 M B IS & HE 7 18 61 A9 HE 7
.

Python Wi i1y #F 2 T A, #lH: 32 DA # ok XA 45 i o R A€ e s 8 7 38 B 4E min O
max () . sorted(). list.sort (). heapg.merge (). heapg.nsmallest ()., heapg.nlargest ()
Hl itertools.groupby () »

AR A S K. BN, str.lower () method ] AFEEIA 4 /NG HE P i) S8 i
Ao B, MR WA DA 1ambda R A, B0 1ambda r: (r[01, r(2]). F34b,
operator.attrgetter (). operator.itemgetter () ﬂ] operator.methodcaller () Eﬁlﬁ;@@

BRI 3C (constructor) . BRI AR 2 A S ek X 461, S5 S EAnfTHER -

keyword argument (B85 19)
#t2(Flargument (5]3).

lambda
i B —expression (GEE L) R4 — M E 4 47[EFI = (inline function), A 3% pg =0 4% P 1Y sk (A

#37 lambda R FEEVE 2 lambda [parameters]: expression

LBYL
Look before you leap. ( = JEMi&FT. ) M 4 il S G e A TP s &8 3 22w, IR 5 S B
. B ENSELEAFP 0, BRGSO 2 it B UAAE.

TS, LBYL a7 [ M [#&17] Z M5 A T 8EE/F (race condition)
EI/]}—LF?,R TﬁJﬂHU\—Fﬁz—tﬁ% if key in mapping: return mappinglkey] ﬂlﬁ]%% ’fﬁlﬁf/ﬁ‘zﬁf(ﬁlj
AR EAEER AT, 1€ mapping FREERT key, Wiz CH € K% 55 L DA (lock) =%
i F EAFP %35 7 s AARE] o

list (H3%1)
—{ Python [E&¥)sequence (JFH) . [EVE BRI T list, ‘B H BB A5 5 ) — M i 51
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(array) TG — G455 51 (linked list), FHIEFFHOTER A FEFHEREEZ O,

list comprehension (£ 4|45 &5
— R T AR B B (87 5 T A TRy TR, (I BRI G R LA List [ LAY 2 )7 4. resule =
["{:#04x}"'.format (x) for x in range(256) if x % 2 == 0] @$~@$$ list, /E\ZEP@,
0% 255 M E), FrA e /SO O0x.). 1 THZBEMR . WREREE , Al range (256)
BT TCR A GO B

loader (EAZS)
—HREEHE AR . B EEFR AL 1load_module () B method (J5%). HASHEY
etlifinder (FAgge) BlE., WA 2E:

« finders-and-loaders

e importlib.abc.Loader

« PEP 302

locale encoding ([ Ji 2515 )
7£ Unix |, B2 LC_CTYPE [ElkZ EM 4. B PAH locale.setlocale (locale.LC_CTYPE,
new_locale) H{?y}io

7£ Windows [, ‘&2 ANSI Ui E (code page, fAlfll "cp1252").
Fr Android 1 VxWorks |, Python {ifi ] "ut £-8" {EF @145 .
locale.getencoding () AJ DA ARERAS: (B 305 4 A .

.55 2% filesystem encoding and error handler

magic method (BEHT)77:)
special method ($¥kI5H) WI—83E1E R i .

mapping ()
— A, BB EE A, H A8 E abstract base classes (i 4 5K H(E])
collections.abc.Mapping B collections.abc.MutableMapping Fﬁ‘il’E‘ﬁiE’\J method, %’Eﬁﬂ@ffﬁ
dict., collections.defaultdict., collections.OrderedDict %[l collections.Counter,

meta path finder (JCI4{ETHRY)
—FEAE ¥ & sys.meta_path [ BE [ finder (FAGeE) o TCHIE TR L€ 8 B F 4 % (path
entry finder) FBH{HZAA]

B A TCEE R A P B AENY method, F52([F] importlib.abc.MetaPathFinder,

metaclass (JCHAE])
— 7 class [ class. Class & &AL @ 37— class 2 Ff. —1f class dictionary (FH#), DAK—1H
base class (J:IKHAE]) 19513, Metaclass B 518 =058, [EH % class, K8
FEAEE T G ARt AR EAE . Python (RRE) JEAE A & BEEIE Y. H %11 metaclass. o1 il
FHERAFEN TR, HREFFERE, metaclass N DARALEIR BEHERME T Z. EMEHRT
EEVEAFE. BmaATaE k. BEY R ARG (singleton), DA 2 HABAYITH

T £ %3 AT DAYE metaclasses Z i 1R F) .

method (J57%)
—f7E class A #EEE AR . 14 method MV class FE31AG— (BB PERIEIY , HIE 0% 615
S O EEVE 5 Bargument (3190) (W5 WG B se1). 2 (Efunciion ($isX)
Flnested scope (EIRAE ) .

method resolution order (Jji:fEbrIE)T)
D7 IR B SR e A R R B AR T, base class (BRI W@ AT . B Python H
2.3 WU E AR T AR AN, s python_2.3_mro,

module (EizH)
— £ Python A2 U1iY 44K BLAL (organizational unit) 1. BERHA —M a4 =W, B EER
¥y Python Hj{f. AAHLIE#E thimporting AR, A 2 Python,

it Epackage (B1F).
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module spec (BigHBI#%)
— A4 A [, B AR BB import A B & . ‘B2 importlib.machinery.ModuleSpec
H—fE B

G module-specs .

MRO
it 22 [Elmethod resolution order (JF7fEMTIET) -

mutable (n[5£4){}:)
RIS T DA A, (AR MR 1a 0 AEE2Eimmuiable (RT3 .

named tuple (Fif%c4)
7% [named tuple (Pff457041) | J2F51E tuple 4R AYTATHIEIDK class, HEAYA4R5] (indexable) JC
F ] DA P4 A, 15 SR (E)B class 0 R] PAELA HA R 4

A L[F) 2 [F) 2 named tuple, FFEH time.localtime () fll os.stat () EMEME. H—HEF T2

sys.float_info:

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

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

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

True

£746 named tuple 2 [EIEAIE] (40 FB)). =2, —1F named tuple ta] PAGE—8 IE R class & 8
dar, K25 class @# K H tuple, HEFR TSN (named field) BIA] . 5@ %1 class 7] PAT T4
B, DMK H typing.NamedTuple RS , 0] A ] kR =X (factory function) collections.
namedtuple () AEEN.. BE AN T —LLEESMY method, 154 method 7] 7EF 5y ok [Fl 8
i) named tuple H, HEVEFRFIAY .

namespace (#yZ4sil)
BRI o 2% 252 A dictionary (< HL) BEECVE. A I . Aty R EE i fr 24 25
MAEYI 1 (7E method Hr) oA SLIR A A 2% 25 . i 25 TS B By Lk A 4a o, RSO IBEAH AL
Bi4n, PR3 builtins.open Fl os.open () J&FiH B M A2 25 AR A% M . v 44 2 [T R B
Tl b I o 2 WA A A B — W R X, ARMG v I S ] A bE . B0, & random.seed () 1§
itertools.islice () BRERFEN, B R A EREH random fl itertools BIAYEEE.

namespace package (i #2sMIEM)
— 1l PEP 420 package (£1F) , & HEEEE T2 (subpackage) i —fH 254k . v 4 a5 & Fnl fE
EAEM R, 1 LARKEE ARG R —Breguar packase (EREM) , HWEEMBEA

_init_.py BHE.
iz Emodule (F4) .

nested scope ( HUHR1EMIR)
fEE)2 B8 41 7 5% (enclosing definition) HAGSAHEARE Sy . ZRBIBRIE], — 1 R A0SR 2 AE ) — R R X
ek, MEMEREE2EINE R P Rss. s5Es, EESEET, SIR1E R E Rz
MR T A R . W AR e AR EVE VR I IO R A . TR, AR SR A A A 4
2SR EIEUL B A . nonlocal 2 FSHNEME I TE A,

new-style class (Fi\Ki[E)
—HEE2, CRIEBIAENA N class P14 I A1 class E#& . FEHIE Python fiuA i, AT H7ak
class 4 RE{ 1] Python #CHi1 . ZARMIIIEE, B2 _ slots . #fiiR#F (descriptor). J& 1 (property).
__getattribute_ (). class method (JHEIJ ¥:) F static method ([EJBE 7).

object (¥1i)
HARAE (BrsE) RuieE®RATE (method) WUEMIERL. BHIZITInew-siyle class (FHi I
[F]) (4 base class (FLICHIE).

optimized scope (JpfEALfR)IIR)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
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optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (£if})
—{[] Python [{module (FE41), B R DAL R4 (submodule) B /2B IR £ (subpackage)., I
W EmE, EFERA __path JHHER—H Python 4.

Syt & Eregular package (IEMIEAE) Fnamespace package (fir S MEE) .

parameter (Z8)
Tr function (PRZ) B{ method & 3% F 1Y — M v 4% B B4 (named entity), 500 3% KR BEEIE 20—
ffargument (518), SAERLEEEIFHRZM5 8. A HREAR RS HHAL:
« positional-or-keyword ({7 S BISEF) © 80— 0T DAZ e 45 5 w2 VEEI M 48 5 7| Scpl g )
518 BRSEIWTHREE, BIUPA N foo F bar:

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

« positional-only ({EFROZE) : H5H—MH L Re4% BEOL EAR AL T | . e E S 28 £
WM /70, W LAMERZ TR E R RO E 28, BIWUAT /Y posonlyl Hl posonly2:

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

o keyword-only ({FREHSET) : FEHH—1H HAE AR S F R Rt pY 5 1 8. FEski X E R 2 8 %
o, AL (AT R ¥ 2 L (var-positional parameter) B & BLALRY * o0, AT DATEHAR )7
EFNESR T2, BIPATH) kw_onlyl Fl kw_only2:

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

o var-positional ({EREMCEAIE) - JEU—HBELMERF AR Bhiy 7 B 5 1 3 (TEC B 2 8,
LML ES M2 A . ERSERERTEH S MR E - AGERM, HIAT

args:

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

o var-keyword ({EREHCEBST ) AT HHILN TR EERE TS (o ts ez
?;J&Eﬁ%ﬁ%?%’l%ﬁZﬁl‘)o EHSHEERE S MAR T E N~ AEseny, Filan b
| F ) kwargs .

ST AR | BUR AR s F5 0, 0T DAE)— 6585 e 1y 5 | R v TR A

5y it 2 OV 55 R WWargument (51 85) W H . & BB 7] #fe 4 H= m oy 2 [F), inspect.
Parameter class, function i, AN PEP 362,

path entry (#{€51H)
Eimport path (SIABEEE) HE)—MHGLE, Wipath based finder (HRBEEH D) T2HLOE
2Hesm 5 import [YREAT .

path entry finder (P85 H <-b2%)
Wi sys.path_hooks F1E—{H W[ IFERY#{4: (callable) (& B—1Wpath entry hook) Jr [a] {8 f)— T finder
B RITE QAT PA— Wl path entry & (i5E4H o

B A B AR TE H A R B /E R method, #52[F] importlib.abc.PathEntryFinder,
path entry hook (&% H(E))

1E sys.path_hooks F KA —{H nIFFIY ) {: (callable), 5 E HIE WAE— 45 E Hpath entry H
SR, Qe Epath entry finder (BEEIHH FHE) -

path based finder (FERERIRIISIHERS)
TR /LFEAE 4R & (meta path finder) Z— , "B GTE—fimport path T8 [ .
path-like object (K& £¥1k)

—MHRRERRSRIERIYIE . BERAEW T AT AR — 0 RN AR str B bytes P, B2
E'ﬁf os.PathLike %KHEEI"J%F@FFD :@‘i@u?‘ﬂl«l os.fspath() ]%[it, ﬁﬂﬁli% os.PathLike Tﬁ%l@]’\]#@
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ﬁiﬁﬂx}(%ﬁﬁ str ﬁ bytes Tﬁ%%?ﬁﬂ%ﬁf& M os.fsdecode () ﬁ os.fsencode () Eﬂﬁj\ﬁfﬂﬂ
AR st M bytes HI%5R . H PEP 519 5] A,

PEP
Python Enhancement Proposal (Python 3#[Fl#2%), PEP &—3 & #HEIR 304, & HEE] Python #FEHE
PEEEH, SR Python [ — T DI BB S 5% DI RE M AR P R BRI . PEP % 42 L IR 1) 5 A7 KA 4
PAS AR ZE T BE ) A S B

PEP [WAEAE H 1Y), REBEIEIH P ae A4 5. A b B A 5 R R 2 RIE, AT A
Python [ FHESRIMFCE], 352Ul AR = 2kl . PEP 13 2 e et B e B Re ) 3
.

#2([F PEP 1,

portion (34))
L S S (T OB zip R, 5B A8 — 16 4 S (namespace
package) H T E K, AN[H PEP 420 H)E %

positional argument ({5 5[8%)
52 (Flargument (5]3).

provisional API (‘%417 API)
AT APL 24, AR RR =X Y 0] 2 AH 25 (backwards compatibility) frair, #Ri#HERR 1) APL.
BESR MR E, REE M REE Y, M EEAgaERWEE, HRZ0mE AR
g, Wnfea BB AHANEE (2R ) o 3505 5 FUR 6 S i [FA:
——HH APT YA A Z HI RSB e ARG 8 Rr , B A etk

RIS B AT APL, [a]4% A28 0 5 Tt e g B E) [ A8 O MRE) ) 28 ) — ST (] ol 3% B g [ 1
A58k F ] BEFR H — 10 ) AN A R E ) 52 .

T2 1R 20 A (s A v o X R O R ) S A, Tl S R R A A TR ) 2 B A B ) s s T B R
=2 PEP 411 T fRE £ 404

provisional package (¥17£:1k)
#52[Elprovisional API (%47 API),

Python 3000
Pythonf-x FHARERE (RACARTAIER, FRES 3 BT R AE R AR K. ) WAl A5
[Py3k].

Pythonic (Python JEK4T))
— AR B — BRSNS, BB T Python 55 5 I WEOE I FE, A& A HAREE R R
REFFERECAG . B, Python i R —REEE YL, A for BIARK, H—@EERYF
T A CEETEIRE . 2 i s EEG SRR M, FTRAREGE Python 1) A A Ry &
— R B R AR -

'a 3\
for i in range(len(food)):

L print (food[il]) )
FHIBZ T, PARNIEERER . EHA Python JRA% :

P
for piece in food:

print (piece)

qualified name (FR & %H%)
— B R], B BRI — AL A 23 AE 3] s AL H 2 610 class. pRUEK method fY
(A2, 40 PEP 3155 i@ s, SR TEE M KA class 5, R E 24 R = A (4 44 Al AH ) -

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

>>> C.__qualname

HERET—TD
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(B E—H)
A} C A}
>>> C.D.__qualname_
'C.D'
>>> C.D.meth.__qgualname
'C.D.meth'’

BRAG RBEHRE, T2 RE & & (fully qualified name) 23R %) S BB 7 PR BEAR , A FEATAT
MAZEM, Bl email .mime. text:

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

'email.mime.text'

reference count (2 W51L)
R — WY 2 R E— A S IEETECT BRI 2R, B g RECE (deallocated), A
e {2 [ 7 ey (immortal) | [FIHEA AN G i 2 I8, R GE N G gfRiRile. 28
FIGE H7E Python FExUHE P B AR F], (HEERCPyhon BAEN) —MBSICE . FExUREEHATTT DAREY
getrefcount () bR [EIE—{R 47 1 14 ) 2 BB

regular package (IEBIEA)
—fE K package (B4F), BIA—MEA _init_ .py BEEMHE.

55 2 [Elnamespace package (f4 25BN,

REPL
[ read-eval-print (read—eval-print loop) | [AHES, &2 9 X HiZ2% shell 19 —1F 4 1.
__slots__

1E class [FIFR— W E L, CFFHHECESEOEERZSH, AN E ) dictionary (F41), 2K
AT, MR, (H bﬁ%%%ﬁﬁﬁﬂﬁ@ﬂ% oA B 45 IR A {1 i B o
(memory- crltlcal) (1 AR A E KRR T 5 S .

sequence (J3:41)
—AWliterable (FJIEMCHIE), BB _ getitem () special method (JR5k75VE), i iR #RT| K
VAR R ORI, [FlEs8 T _1en__ () method A [HI{E3% 5 5 A o *JH’J.@‘TM@JE
@Jﬁ list. str., tuple 9[2‘[] bytes, ﬁ%&%, ﬁﬁﬁk dict ’@j{% __getitem_ %I] len 0,
HE P E L (mapping) 1A 2751, /ﬁ\ﬁ?ﬁﬁiﬁ%@ﬂ?E%ﬁlﬁ‘]hashabiei@ A

% 2 HE(E (abstract base class) collections.abc.Sequence E 3 J — 1 50 & 51,
AE R _getltem ) Al __len_ (), /M T count (). index (). _ _contains__ () Hl

__reversed__ Ef’ﬁﬁt%?ﬁﬁﬁﬂ’]ﬁi. A A register () #HHMEHLEIE]. 2 BT
H Ty I S nﬁﬁ%ﬁfﬁﬂi‘?&ﬂz

set comprehension (44540
— MBI, AR AT E A 1 h i 2 G e, [ R A R DA — 1 set []
T;ﬁro results = {c for c in 'abracadabra' if c not in 'abc'}@’ﬁi#ﬁ]?% set: {'r"',
'd'}. F52(E] comprehensions.

single dispatch (¥.—3Jq)¥)
generic function (JZHMRE) FHEEM—FEIE, FEt, BEAERBEREE B B —5 | s 2L (E).
slice (VJJy)
— W, EREAE—Biequence (JFH) WHE—H0. BAL—BUI R 0752 00K N AT 9%

(subscript notation) [ ], #E4s 2, BIFEEFE 2 HMEHE 5, #lil variable_name[1:3:5],
TEFESE (M) FF9EmERS, i slice Y.

soft deprecated (KPEEIH)
P EEI G APTARFEREFLH OB RE s b, (R B RS h B e G2 e 42 . APL
3 ASCHAREEE el (RN & A At

EIFEEHAAR, SEEREAER AP AR S, A S5l
=5 F) PEP 387: #i:E .

82 Appendix A. #iiEER


https://peps.python.org/pep-0387/#soft-deprecation

Python Frequently Asked Questions, £([F] 3.13.1

special method (¥§5kJ51:)
—TE 4 Python [ BRI ) method, FI & S HAE BUEFNA T HREESE, BlAninyk. 278 method (144
Fher e BRTE AN 45 A Wi FIEE Spec1a1 method 7E specialnames H1 #EAHEIRH

statement (A=)
PR — B (suite, —ARXEG [EM]) PR—HY. BRI PLE—Eexpression (B
X)), MESHMET (FIif, while 5§ for) MEMELHEL —.

static type checker ([FJREXIFR57Y2S)
@ i 0 Python FEXASEI AT SMB T, REEIR i #EaR, B2 TR ERNEE., 5zl
[EJ32 7% (type hints) PAJ% typing 154 .

strong reference ([F1Z1R)
7t Python ffY) C API 1, [EIZIREBYFZ IR, Y HERG %2 BRI is . @28

Wl IEny py_TNcrEF () HOEEES2 R, [R2 BE%ERE py_pecrer () FEREIZ K,
Py_NewRef () B AT F R E. —(ES W EEI 2 . E, 7B B ES B m, WEAE

[E2 88 Y py_pECREF () R, DAERENR—H2 M.,
Ak Eborrowed reference (&2 M) .

text encoding (3L 4iH%)
Python H1f{) 57 E8 S —1# Unicode #EE) (code point) f741] (HEEAE U+0000 -- U+10FFFF Z 1) . &3
A E R — A, B EGT I E— A )T

ﬂ%~@$j$f?ﬂft1ﬁﬁ%ﬂf?ﬂ7 FRIE) [4afis ), T 08 e e 5 3 r % e R AR ) [ RS
(decoding) |,

A ZREARIF ST PSR As (codecs), EMBEALREE [ 3745 1.

text file (I THER)
—MEREEEIAE A st e YIIFR)—1A file object (REZWIPE) o H, SCFREREER ERAFRA T
%ﬁé’] %k (byte-oriented datastream) [FJ€r [ ) i ¥l rext encoding (SCFHifls) o SCFRERMBI T4
%j{?ﬁ‘}":f (' ! ﬁ 'w') F;%JE@T%% sys.stdin., sys.stdout [/‘j\& io.StringIO E@E%o

Sii§2(Elbinary file (“HERER), Ee—MHREEFERE A 12T 40 1 (byres-like object) HIHE
ES//ILaN

triple-quoted string (= 5|3EEIFH)
o =558 () s EE 58 O) IEERER A — e . MR e MEIEA SR OLER 5 555 5B AT
HANhRE, HERHZIER, BMEEA . MR DATE T P8 R BE(E) (unescaped)
F RS SEFIEES 5%, 1M H & MAST5 (8 H #1487 T (continuation character) 5 ] ARSI 21T, BEHSE
A 4 5 (B 7 R R EVA

type (ZI[E])
—fi#l Python 4 {4 Z[FIEE T & A EER Y AEYaa — M AE. — Y20 ZE v]
PAHER) __class_ JEMEARLFH, DA type (obj) HKEEEK.

type alias (FUEIEI%)
— BN [F) 3w, B RS E 4 — R E)ST (identifier) AT
HIFIE)4 $ it a4 2 [FI32 = (type hint) RAG . Hl0:

( 2
def remove_gray_shades (

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

FIPARIIGERG, BERA AT

Color = tuple[int, int, int]

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

pass

52 [ typing F1 PEP 484, £ HIhAERITHIA .
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type hint (%I[E25)
—MHannotation ([FfE), BH§E—ME. — class JB Mok — 1 o8& 2 2 8ok BHEE ) T AE.
HIER RSB VER), A2 Python [EIfIfY), (HEM3E &R [Elk & % (static type checkers)fR A
JH, [EfEH D) IDE 52 A2 RERY 4> (completion) FIEEH# (refactoring) .
SIS class BERIER R R & Wi d) rRUEHE R, #80T AMEFT typing.get_type_hints ()
RAEHL .
2 typing fil PEP 484, A5 ILIHAEAGHEIL

universal newlines (j#)JH[ET5C)
— T R % SCFE TR (text stream) B9 53X, G LA Brg A1 [E R BE—f7 A &5 8 Unix 17 48 6
"\n'. Windows &% '\r\n' FI# Macintosh {&%] '\r'. #52[E PEP 278 fil PEP 3116, DAK
J* bytes.splitlines () [AFHINHIE.

variable annotation (523[FIRE)
—{W 5, class B annotation ([Ef#).

[EJFEsA K class BEPERE, RREEEIRIERY:

class C:
field: 'annotation'
s EVRBAI A IS EMR A (type hine): IR, 2R SR TSI IS 1ne () fi:
[count: int = 0 J

5 W EIRR Y REVAAE annassign B2 A FEARIY AR .

2 funciion annoration (V). PEP 484 il PEP 526, W IRErHig. MIRERAYRHE
T, 55 2[F) annotations-howto.,

virtual environment ([EERES)
— i o4 VEFR #f (cooperatively isolated) [/ TE24E, HERE Python (1) I 35 A1 FF2 A5 DA RN THA)
Python ¥([EVEF:, A& [ —# R &t ATy H A Python JiE AR ATEIEA: T4

W2 venv,

virtual machine ([EJHEZS)
— e 4 RS T E 28R BB (computer). Python f[EEEMSS €117 Fh byrecode (17 TCHLIG) Hadas
T B 6 JOAHA .

Zen of Python (Python Z2[F])
Python TR I BRHT B 51 55, HLEIZAG B BRAR ARG A DL RE =« s 2nl A BB Ui 7
JUfBEA [import this| HHKF|E.

84 Appendix A. #iiEER


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0278/
https://peps.python.org/pep-3116/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/

APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i
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fib ¥ Python i) TAFE, [EHEAREEEE) T 5%k il i) 22 {8 i AR
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IR (I AT )

IR Z I AMRE T, A Guido F8E NIUAT, ifHE Le A iy B [ERE T fig.

C.2 FRFRHUHMFGXER Python BIEHIER

Python #CHFIEIR SUAF I HE R LR PSF 424 549

¢ Python 3.8.6 BitE, ERASCOFPRGEEG) . AR A AR S, B9 E 524 (dual licensed) i PSF 4%
WEA 41 VA K Zero-Clause BSD 3% 42 ,

A LERAA A Python I BN AR B B . T8 LU RBIT o B2 HE L AR U — B . B IS 2
BHERAR SR L, S B B3k i a9 34 L2t

C.2.1 ¥ PYTHON 3.13.1 §§ PSF 1%{E& 1

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python
3.13.1 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.13.1 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.13.1 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.13.1 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
3.13.1.

4. PSF is making Python 3.13.1 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 3.13.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.1
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any
third party.

8. By copying, installing or otherwise using Python 3.13.1, Licensee agrees
to be bound by the terms and conditions of this License Agreement.
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C.2.2 Fj® PYTHON 2.0 §§ BEOPEN.COM 1Z#g 519
BEOPEN PYTHON BAUSFZHEA 4155 1 i

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FjA PYTHON 1.6.1 i CNRI S &3

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

€ & A}
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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 THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

(R L —5)

C.2.4 A PYTHON 0.9.0 £ 1.2 §Y) CWI {B#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

R T—TD
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(R L —5)
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 F}* PYTHON 3.13.1 [FEA #FI#2X#E /Y ZERO-CLAUSE BSD #%##

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

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

C.3 MRk AR 1 B BN
A (AR SRR B SSCHE, 5UAE Python SEEATA rh )y 45 = )y W

C.3.1 Mersenne Twister

random B4 JIE N H _random C 3% 78 A =L & T PA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html () F#REIREEBEAFERE. PAN 2 FEGREAE R se g -

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

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

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

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

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

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

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

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. 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

€ & A}
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(R L —5)
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C.3.2 Sockets

socket Wi fiH] getaddrinfo () fll getnameinfo () B, BMFE WIDE 2% (https:/www.wide.ad.jp/)
(B, HAASTR] B S i 8 mb ol G -

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 JFEFH¥ socket fRFE

test.support.asynchat fll test.support.asyncore *ﬁlzﬂ@,é\w\?%% :

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
€ & A}
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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.

(R L —5)

C.3.4 Cookie &
http.cookies FEAHALE DA A :

Copyright 2000 by Timothy O'Malley <timoRalum.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 #fTiEF
trace MIAH A E AU E:

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,

(HEET—T
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(B —1)
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode Bl UUdecode &F=z
u ARG A DA AR -

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 EixmfE Ry
xmlrpc.clientiﬁ%ﬂf@é?@&j:é%aﬁ:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(HEET—T
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(R L —5)
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll
test.test_epolliﬁ%ﬂf@f?@kjiégﬂﬁl

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 MK kqueue /MR AT ] :

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

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

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

C.3. #ugFIakienyIR{E BB 95




Python Frequently Asked Questions, %[ 3.13.1

C.3.10 SipHash24

Python/pyhash.c 5§27 Marek Majkowski’ 3£ i* Dan Bernstein [ SipHash24 jH B VERIEE. B PA
TR -

<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/little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Hi dtoa

Python/dtoa.c FHZEHEML T C 11 dtoa Al strtod Rz, K C 1) BERSE B 7 B 7 ep HAHEEE] . A
EAt4E H David M. Gay 27 H [RGB AE 2, 53 BIAE R AR https://web.archive.org/web/20220517033456/http:
/Iwww .netlib.org/fp/dtoa.c F#. A 2009 4E 3 H 16 H g2 i I a5 60 & DR ORESL 2 Rl Y -

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

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

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

* 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.

* 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.

*

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

C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004

€ & A}

96 Appendix C. &% EiRiE



https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c

Python Frequently Asked Questions, £([F] 3.13.1

(R L —5)

https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"”
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
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

(BT —H)
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subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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

(BT —H)
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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.

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.

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.

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.

Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

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

PRARAEE E pyexpat MR EE ——with-system-expat, HIREIHEFE & H—MEE expat A E5HIR]
B e

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

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

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

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

C.3.14 libffi

BRARTEEE _ctypes BIAIKT _ctypes I ARXIFREE ——with-system-1ibrei, 75 AIFZIE A& ]
— () libff 5k B85 1 A SR

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 Z 55t A E 21ib A K8 DABOR eV B 21 858, IR e & — I E)S 21ib SR A
R Rl AR A

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,

(HERET—TD
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including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc {ii [ &EE)3 (hash table) EE{E, 2D cfuhash TLZE[FIELRE:

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

I},%EHET;EEE decimal *E?EE_F _decimal C }E?ﬁﬁ%ﬁﬁ#%ﬁfﬁ ——with-system-libmpdec, %‘Elﬁﬁiﬁé‘ﬁ
G H—(EEE libmpdec b2 o 1) Rl A< A< -
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Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N AR EH

test FER A HHY C14N 2.0 JIFAEM (Lib/test/xmltestdata/c14n-20/) 24 W3C 49uk https://www.
w3.org/TR/xml-c14n2-testcases/ #egzz, H 2R 3-clause BSD 1% ki 25 (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.
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C.3.19 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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

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

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

C.3.20 asyncio
asyncio BRI EZ AL uvioop 0.16 HgE A, HAELH MIT SZHEACHE:

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.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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

modification, are permitted provided that the following conditions

are met:

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

(BT —TD
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disclaimer.

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ' "AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Copyright © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
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