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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://www.python.org/psf/donations/
https://docs.python.org/3/license.html
https://www.python.org/psf/trademarks/
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1.1.4 E#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].,

A 2 EIGEE B v DAERS S 2 B R BRI i, (2B PEP 387 DAEV# S 22 B % Python 1 1] {2 4H
%‘:‘Iﬁfﬁ[%o j:j(ﬁl‘, @%ﬁ% sys.version, sys.hexversion giil sys.version_info EI’(]EU%Y#FO

1.1.7 HEN(TAFE Python B IRIEHSTIZ ?

31 Python JR GRS S AT UK & AT PAE python.org BUfS:, ¥ https://www.python.org/downloads/ . #3515
B R AR W] DAYE https://github.com/python/cpython/ Bif5 .

IR RS BEAT I 2 — (A A gzip JEARY tar 1, B0 & 5EHA C EUAHS. Sphinx #5XiEIWI 3¢, Python b
AEERAL . FEBIRES, PASAMR G A nT B b 3T . RIS K2 B UNIX ¥4 |, #0@ W] PASL
HIETE S SEXaNibp

BT USRI S E AR IS SR A AR, 55 2 (E] Python B8\ S0 1 T 197 Getting Started” Bk

1.1.8 HENTERIF Python HFIBAS # ?

Python [ {if& & A A HEEBH S04 AT #E https://docs.python.org/3/ #k 5] . PDF. &l SC 5 m] Rk HTML
RRAS W AT A https://docs.python.org/3/download.html $ %] .

[EJBH 342 DA reStructuredText 48 2455, [Elfl Sphinx [EIBH S22 T H iR . [FJBH S04 reStructured Text J5
IR 2 Python JF IS EEA TR —4)

1.1.9 HEREKOFF:EERX, FIH Python B3 & ?
A2 AR BCEEA TR . BEE SR tutorial-index.
ZLaH, Python FEsREHIERH I, WHEBEREESIR, FH2EWEH .

1.1.10 FH[EFH Python F B9 RIS B ¢4 5 5RBE 7

B —1EF E L4 (newsgroup), comp.lang.python, WA —{EIA 5 5mHEE (mailing list), python-list, 3
THE AL AN S a2 O A T A SRR BEE DR B, R 5 i AT (458 5@ ##F . comp. lang.python
PR, BRI SR, 1 Usenet (19383 10 45 5 AEF) 5 FiLE A 0 Sr 2 i .

TR RS A A S A 0, ] PAYE comp.lang.python.announce H R F|, 1& &K & RS 12 ) R
B, BRIEIRA TR CE . EWEEE python-announce H (e B R HTE.

I JELC b S 4 S s AR RT BT B AR A 0 3E 2 &5, BT DATE hittps://www.python.org/community/lists/ 1 E] o

1.1.11 N{THR1§ Python B4 beta BIER A ?

Alpha F1 beta % 1 i A% W] DA A€ https://www.python.org/downloads/ B 15, BT A B9 8 1 A #R & 7
comp.lang.python Fl comp.lang.python.announce 3 M4 I E 7 , 42 7E Python 1§ E{ https://www.python.org/
HEA s RSS B B 2 W Y .

PRULTT AR Git SRAFHL Python [ BREEMUA . 02 REA I, F52(E Python B N BRI

1.1.12 #n{$E3¢ Python B RREIREFEHER 7

F R — g% (bug) BLIRAT—{HIEHHAEE (patch), 55 FJiA https://github.com/python/cpython/issues B [

B 4] B % Python BB 2 ¥R, w2 [E] Python [i#E A\ B 1.
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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
LRI A2 T I B BT B S Python (938 .
Ity Python 19 3CRERAE 1991 4ERGHY, (RBIEACH CLAGHEI T

Guido van Rossum /I Jelke de Boer, [{ii}] Python FE= 35155 = BB = HlEt i i fa ik ge |, CWI
], At AW (1991 4 12 A), Brasresry, 46 283-303 &,

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

PRU AT DATE AR 5 5 18 2 B 5 [Python ], [EVith i #si Monty Python [ R; si# nTAE S [Python ] FiI
=B

1.1.15 www.python.org HEE i B YL ?
Python S Z A RERE A S0 [EIIE A A, fy Python SEBEA SR L. SEANE AIUE L

1.1.16 [Ef+[FIZEHRZ[E Python ?

‘% Guido van Rossum BAIGE/E Python I, fthtiF#E[EzE 1970 4E4t BBC Z &It H [ Monty Python [1 74T
F5 56 | i U AR . Van Rossum sREMb S — R 4. M4 LIS Bl & 5, Wt s sas s
FE(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).

PR A PR S SR SR8 B, DML B MOA T B A B TR . BRI
AR St B RT3 = (R 2o (B0 3.5.3, 3.6.2) USRI fraie M e B b 7o gt
P IS ARIUAS, Ufr Ar eETE APBAO IS IF | (E)EL A 52380 T £ R B IF B A st
.

HOHT RS E BT AR RE IR 1T ATE Python il 511 B4R %] . Python 3.x J2HERERUMUA, [E] HK 2 Huk
Z A R SR o Python 2.x LS PRAERE

1.2.2 HZ /D A\TE{ER Python ?

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

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 ] Python fHEZEEY , #52[0) https://www.python.org/about/success, s HAF #1318 251 Python
et E] DUE AR H #F 2 N R A w R ALAR G B R
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https://peps.python.org/pep-0602/
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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/
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Python Frequently Asked Questions, #([F] 3.14.0rc3

(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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(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_ TR PR T DA A (D 4l 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

PRATPAGE ] nonlocal RS 7R SR AR M EMHOS A Fo1 -

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

2.2.2 Python fj[Eis % 80 &1 8 8 A HHRA ?

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.

2.23 FHEFIFRBEEF BT lambda E{EHERNER ?
EREEARAE A for [FIREACE 26 & MR [F A lambda ($£ 525 m@ k=), filn:

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

i PR (A L & T R <o+ 2 (1 lambda #RF1 . (RVTREEEMIEREM B, B e ERE o, 1. 4.
o fil 16, SR EAREESE UK G R B EME I 16:

22. BOES 9
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>>> squares[2] ()
16
>>> squares|[4] ()
16

R G EZ A E < A2 lambda (1) 5 542 0, TR AESMBIE S 2 2, HOZ2AERFNY lambda IR 7
TRE, EHERE R eI EEBEE, < iEE 4, FFrA mUE R 4xx2, BIE 16,
PR TT DL T = (AR — 8, [EAEF lambda S FERAO 4 AN 4k

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

BT kS, ARFE A PRAFLE lambda (Y JRFREE BT, SEREE MU G HORUR 4218 x 191 :

>>> 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

PR, WATEIEE lambda FreRf, i B R 0.

2 2 4 n[”jﬂt*g ¢s¥£i§ﬁﬁ§i ?

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 S0 4 x BRESEMESLME ]

mod.py:

import config
config.x = 1

main.py:

import config
import mod
print (config.x)

B, R ER IR, G RAR 2 B A B R Bt
225 EREPER import By [REWE | AWPL ?

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.

10 Chapter 2. BXHBEFERMER
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It’s good practice if you import modules in the following order:

L A PR U —— I8 sys. os. argparse. re

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

3. AHLBAEEAYRIAL

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 O EFzMt=RBRIE?

B R Sl g W A B
s

def foo(mydict={}): # flg: FrA "¢ L= H 5l
HH-MRE ...
mydict [key] = value
return mydict

SN B pR R, mydict WA —MIEH . 5T RE nydict WAWMIEH, WEE foo () BILAHLT
R, mydict AP EAWIAH B

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.

RSB MR, NG W] S R TSR — AR R BERT EE, MR ME ] wone 1RV,
[EWE s A ER A Ar 2 U 5 E None, FRESL— MBI R/ F MY s HAD R PE . B0, REEHE

def foo (mydict={}):

E=3297'%

def foo (mydict=None) :
if mydict is None:
mydict = (} + BDEH&® L EMET —HHT 4
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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:

PR REREFESY, DRENHE BT HE _cacne
def expensive (argl, arg2, *, _cache={}):
if (argl, arg2) in _cache:
return _cache| (argl, arg2)]

# Calculate the value

result = ... expensive computation ...

_cache[ (argl, arg2)] = result # iR T A
return result

AT DAGE AL 85 7 St i) S e B AN R B AR B RE A 4

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 ?

SRl B AUE SRR ESE, T 7| U0 ek IR SR PR R 4 iR U . 2 0E SR m] AR
2 EAR . B, e AP RAER:

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

\

pass

foo. bar Fl kwargs & func 2., SR EIENY func BF, Fl40:

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

42, 314 Ml somevar ;25| &,

2.29 M EEeRTY thEEXHRI'X ?
WSRARES T 1558 B R -

= [

= X

>>>
>>>

>>> .append (10)

MR OX

>>>
[10]
>>> x

[10]

YR AT REAR A E-ED—(E TR S v Rpt Eroics <.
(VA 5 2R 4 DR A T 4 -

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.

12 Chapter 2. BXHBEFERMER
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2) list fEmutable, &3 WEZARAT DA B MR EIZ .

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].

AR T A R EI T — A W] S 4 <

5 # BEHELRTEE

>>>

>>> X

=x+1 #5 K78, EEEeBT—EHIH

>>>

XX oKX
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 vy, you'll instead
end up with None, which will likely cause your program to generate an easily diagnosed error.

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

[EFF(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 ().

2210 AR B HFAREHSHHRX (EBESEIFY (call by reference)) ?

aRLfE, 7E Python P | Mo d il I IR o by SRR MR S B R 2 I, TR I L 35 Mg i 25
w5 A MEAES, WA SEGESREN ., (R AER 2 M EAERTRIEeR .

1) jﬁ‘ %nﬂ%ﬂgﬁ%ﬁ.:

-

>>> def funcl(a, b):

a = 'new-value' # a ’{‘ﬂ b @1 jéﬁi
b=b+ 1 # BE B B
return a, b # B

>>> x, y = 'old-value', 99
>>> funcl (x, V)

("new-value', 100)

TR R A T &
2) SR R . SR MATRE LR, BT PANER
3) B EE— A EERY (AT (in-place) B2 HY) W1
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4)

5

~

iR

>>> def func2(a):

a[0] = "new-value'
afl] = a[1] + 1
>>> args = ['old-value', 99]

>>> func2 (args)
>>> args

['new-value', 100]

W\

#'ar ZE—MH W 5
¥ OB B

75 1 1 — {18 AR A )
>>> def func3(args):
args['a']l] = 'new-value' # args ﬁ%fféﬁéﬁﬁ
args['b'] = args['b'] + 1 # R¥HKBT
>>> args = {'a': 'old-value', 'b': 99}
>>> func3 (args)
>>> args
{'a': 'new-value', 'b': 100}
.
B3 ERAE) B o H A 1
>>> class Namespace:
def _ init_ (self, /, **args):

for key, value in
setattr(self,

>>> def func4 (args):
args.a = 'new-value'

args.b = args.b + 1

args.items () :
key, value)

# args RV 8@ 4 R

¢ R

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

>>> func4 (args)
>>> vars (args)
{'a': '"new-value', 'b': 100}

&

BT A A SR S 3 0 BV A 7243 PR

G B ISE R 0 — 1 55 2 (R 2R T AL

2.2.11 fRanfasE Python pEIIEEEX ?

VA PR T DAGE A SEARPE s, thon] AR Ty . B, B /RAEE SR Linear (a,b) , B
Bl axxrb FHEEEMRR £ o o MEATERIE A

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

return a * x + b

return result

B i R

class linear:

def _ init__ (self, a, b):

self.a, self.b = a, b

def _ call__ (self, x):

return self.a * x + self.b

e 38 M HE R :
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[taxes = linear (0.3, 2) J

E—E AR fE, Hod 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):
# __1init__ inherited
def = call_(self, x):
return self.a * (x ** self.b)

PP T DAL e 2 5 A IR RE -

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

EEN inc () . dec () Al reset () s AH A 1 o5t 0 pR o — K

2.2.12 tn{gZ Python sh[E[E44 ?

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

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

[newdict = olddict.copy ()

FEAI R LA Y] - (slicing) :

[newil = 1[:]

2.2.13 AR BI MR AT BT ?

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

2214 HIERBNTRRWIHLEHE 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()

€ & A}

22. BOES 15
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(B E—H)
>>> b = a
>>> print (b)
<__main__ .A object at 0x16D07CC>
>>> print (a)
<__main__ .A object at 0x16D07CC>

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

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

¥ comp.lang.python 7, Fredrik Lundh 35 3} 5 1 I 45 T — R AR AT LU -

BBARLE P B EERN 47—tk B (WF) A3REEFIREmaT, TR
O - AR EMAH TR Dk s A e (A ) R 2MMmE (k) ..

e MR BREAREZ AT, HERADGAT, WA RS !

2.2.15 EREHFHELERREMDL ?

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

(False, 'a')

>>> Ha" in llbll, lla" J

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

[("au dpy TipTy , Tal }

iR A2

["au dp (W%, Yal) }

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

2216 EEEEMNCH? =ZEBEF?
A, FEAIT

[on_true] if [expression] else [on_false]

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

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

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

However, this idiom is unsafe, as it can give wrong results when on_true has a false boolean value. Therefore, it is
always better touse 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
UIf Bartelt:

16 Chapter 2. BXHBEFERMER
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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,£), 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=Sx, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru,yc=yc,Ru=Ru,Ro=Ro,
i=i, Sx=Sx,F=1lambda xc,yc, x,Vv,k, f=1lambda xc,yc,x,v,k, f: (k<=0)or (x*xty*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,v,k, f) :chr(

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

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

# v v / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on x axis

ZT M, ANEAEREE !

2.2.18 RXSHBITHME () BAHDER?

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.

5

SRS BAR R RHEIFOR W 2 R R AR B 2 0. PRI B A 5 | Y divmod () Er R8s

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

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

2.3 BiFFEH
2.3.1 fAHERE N AR T 7

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

>>> a = 0010
>>> g
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:

23. B $ 17
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>>> a = 0xab
>>> a

165

>>> b = 0XB2
>>> Db

178

2.3.2 [Ff+[E -22 /10 @45 -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) }

TREHE e b ZE I 1) N RS A 5. COB BRI sZalE:, REEE 1 /7 3 MR ae sl 1
s 5 BATEL 1+ AR5

There are few real use cases for i % j when j is negative. When 7 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 | get int literal attribute instead of SyntaxError?
B PAER A ine FHEBMEEH LM syntaxerror, [HEVREIHAHIENEE;:

>>> 1. class___

File "<stdin>", line 1

1.__class___

S

SyntaxError: invalid decimal literal

FRRIET 7 =X P 22wl DB 358 S T L ) 4B

>>> 1 ._ class

<class 'int'>
>>> (1) ._ _class

<class 'int'>

2.3.4 T REB DN ?

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

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

Do not use the built-in function eval () if all you need is to convert strings to numbers. eval () will be significantly
slower and it presents a security risk: someone could pass you a Python expression that might have unwanted side
effects. For example, someone could pass __import__ ('os').system("rm —-rf $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 BFE O E5aR ?

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, €.g. "{:04d}".format (144) yields '0144' and "{:.3f}".format (1.0/
3.0) yields '0.333".
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2.36 fTRMBIERTE ?
i [ER AR ll%%xsTT . ERZHEET, W@W\%é?% L2 1 25 M 4 FE A o — 1 B

Hro (ER AR ARG B AR JF Hu & I unicode ORI, FEE M io.stringTo YFu array
Rt

>>> 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 G0 R EIEM H/ Pk ?
A& RS R BAE.

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:

e 7

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 HHEEER getattr () :

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

AEERE getater O AR, AEEEE. SEEA. K%,
TE A o 2R A S R T e B L e

P
class Foo:

def do_foo(self):

def do_bar(self):

(BT —H)
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(B E—H)
f = getattr(foo_instance, 'do ' + opname)
£()

. fﬁfﬁ locals () ﬁ@ﬁféﬁiﬁéﬁiﬁz

def myFunc () :
print ("hello")

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

2.3.8 Is there an equivalent to Perl’s chomp () for removing trailing newlines from
strings?
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"
nw \r\nll
" \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 What does UnicodeDecodeError OF UnicodeEncodeError €rror mean?

%% 22[F] unicode-howto,

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

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

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

A

SyntaxError: unterminated string literal (detected at line 1)

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

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

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

20 Chapter 2. EXHBERMESE
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>>> 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 FEE
241 FPHEXKIET . REMEAMREE ?

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.

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

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

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

If you have reached the limit of what pure Python can allow, there are tools to take you further away. For example,
Cython can compile a slightly modified version of Python code into a C extension, and can be used on many different
platforms. Cython can take advantage of compilation (and optional type annotations) to make your code significantly
faster than when interpreted. If you are confident in your C programming skills, you can also write a C extension
module yourself.
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& wsE
A wiki IR HE PSR 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 5 (FTH/$5))

2.5.1 ifaIZETTRFRIIZHEETEL ?

ZEV#RE R tuple (seq) MHLATFH] (EEF ER2EMTEAY ) BEIEEA A T AR R i o
A

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.

25.2 HFREES|?

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].

Using negative indices can be very convenient. For example S[:-11] is all of the string except for its last character,
which is useful for removing the trailing newline from a string.

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

Use the reversed () built-in function:

for x in reversed (sequence) :

# do something with x ...

This won’t touch your original sequence, but build a new copy with reversed order to iterate over.
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2.5.4 tnfattER 7 PERRELIIE ?
i 2 [E] Python Cookbook PATS-EI A BB T I A A1 1 48R 1y YA 1 A e o -
https://code.activestate.com/recipes/52560/

WERARARN B EHHTF ], TeAH A THT , SRERERFIR R MR, FRE R EEE:

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]

QR EF ) ITA TC R AT DAMEIE A (RIE MR & hashable) , TS 03 € L

[mylist = list (set (mylist)) ]

EeREEE- LS, RmERERE, KEEEER 5.

2.5.5 wfait RSP ZEEE

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) ) ) }

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_1ist [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 WNfTEIL S EERT 7
T Bl s bl e — (B A

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

WERARENIE, EREACE LR

2.5. FF3l (TH/R3)) 23
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>>> A

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

(R E AR T A {ERE, B B [T

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

JEHREERA ~ R s R i A, ERGEHBAYNS IR, 3 B —m$s, K3
(AR BEE 2 AR R R g 2 0 38 H T — 500 (8 ST DR A T A HABS o, TS 2P A AR
i

R TR SN TR R R A, AR RS s SR e AR O R

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

T EEAE M 3 R EE 2 A R HF R ERF] . Rt nT DAGE R a1 5 A 3

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

B ARt T DASE R G [ 2R R ER B FE B 5 NumPy 2 H A i A — 1.
2.5.8 fnfa %75 iR R = FE AR FF 51 ?

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

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

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

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

for obj in mylist:
obj.method ()

for obj in mylist:
function (obj)

2.5.9 [ft[F] a_tuple[i] += ['item’] fUANEEF &S| 5 BISH ?

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.

WRARE T

>>> 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.

i M IR B 5O 12 R BUROE L -
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>>> 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():

>>> g_list = []
>>> a_list += [1]
>>> a_list

[1]

Yo Y .

= 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_1ist.
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.

P, e CALEE R, S i F R R A -

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

TypeError: 'tuple' object does not support item assignment

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

2.5.10 FHiEM—EL#EYHERF: {REEF Python fif—{@ Schwartzian &g ?

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. FF3l (TH/R3)) 25
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2.5.11 WnfR#E S — BRI PREH—ERIETHRF 7
HEMEER BT, RN PRI, AR ILE R IR ITE,

>>> 1listl = ["what", "I'm", "sorting", "by"]

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

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

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

>>> result

['else', 'sort', 'to', 'something']

2.6 ¥
2.6.1 R4 (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 {+ER%;% (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 {tHEI& self ?

Self FURIFEE— A5 MW A E ARG BB E FER A E G x, —fERE meth (self, a, b,
o) MITERERZ DA x .meth (a, b, o) JEAMEN]; B @R EE 2 PA neth (x, a, b, c)
My o

SRR FIEUT [self] f£7 % (method) & & Fovfv| 6 — & ZAsEAE A 2,

264 MAREVHETERERDNRAIIEFEDNEH ?

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 (ob3j, str) or

isinstance (obj, (int, float, complex)).

YRR, isinstance () B EMA R [ 48 25k & FA(F] (abstract base class) [P)[FE4E# . B i3 [FIEREE
FARER & ol True, HIMHEIG MR MBEKEE. Sl TEEER], SRz EEnMRO:

from collections.abc import Mapping

class P:
pass

class C(P) :
pass

€ & A}
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(R L —5)

Mapping.register (P)

>>> ¢ = C()

>>> isinstance(c, C) # H¥E
True

>>> isinstance(c, P) # [H #
True

>>> isinstance(c, Mapping) # J/E/é
True

OB A R
>>> type(c).__mro

(<class 'C'>, <class 'P'>, <class 'object'>)

t TEE#A] ik
>>> 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):
t EEERAEAS
elif isinstance (obj, Document) :
# O E R
elif ...

AR TR AT LA R/ search O JFEREIFINE:

class Mailbox:
def search(self):
+ HEEHNEARE

class Document:
def search(self):
# O E R

obj.search ()

2.6.5 f+Fl2ZEiR (delegation) ?

BRI (MARIERTIE) o (R — (P x () EL U S e — 7 A0 7
[Fl, ARAT oAy — RS, AR LA S ISR AR AT, [ PTA H I 0% AR
R

Python F5t kTl T DLBHAMLEE M 2808 . SRIA(E), WA FIREVECHE T — AT DS R giE), (LA 7
HE AR R EIE A 5

class UpperOut:

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

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

€ & A}
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(B —1)
def _ getattr_ (self, name):
return getattr(self._outfile, name)

Here the Upperout class redefines the write () method to convert the argument string to uppercase before call-
ing the underlying self._outfile.write () method. All other methods are delegated to the underlying self.
_out file object. The delegation is accomplished via the _ _getattr__ () method; consult the language reference
for more information about controlling attribute access.

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

class X:

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

% __setattr__ () BYEAEEIENY object.__setattr_ () PARGE self BYJ@ME, 1A S Ecde fREE.

class X:
def _ setattr_ (self, name, value):
# B BEkEEL. ..
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 I E)71 super () R

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

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

26.7 HEALMNTRASBRNERBUEBENERATNRNESS 7

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 infaE I MEHE TS EIFEETHE ?
Python 37 B EIRE EORIRIEIRE V5 (FE C+ o Java (U35 ).
HNER R, NEwEs EEE R R, EEVE YA B, A4 e v B AR E 4 A
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class C:
count = 0

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

def getcount (self):

return C.count

# C.__init_ AEEW Bk #H

# X E (£ self.count

c.count ﬁ%ﬂifﬁfﬁﬁﬂ(:ﬂ@ C.count ﬁﬁi% isinstance (c, C) EEEZ, &%ﬂFE§(:jif%ﬁﬁﬁiggj\%gﬁﬁﬁf c.
__class__ [H|%| c E@%ﬁﬁﬁ%%?ﬁtﬂ@ﬁo

Caution: within a method of C, an assignment like se1f.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

(1R85 2 P RERY -

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

# [B|F 'self' % ¥

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

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 WfF7E Python thZ# (overload) B EHN (HF5i%) ?
iE R E R TR LR R B T35 E0E 0 R 3 ol th BUAE A pR X B

T C+ PR 5 AL
class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

}

T Python #, b Z8 A 53— {1 22 5 R =X 2HCAR A B A 0 1) e | Ry . o

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

print ("Argument is", 1)

EEARE A%, EaEgEEEh ek,
PRl DV BE AT 5 | Beh a1, i

def _ init_  (self, *args):

AT ) B FH A i A 7 R E 56
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2.6.10 FHEK{FEH _spam, {BIfFEIHR SomeClassName__spam B R

MG 8 TR I A 7 i [ 03 (mangled) | DARE) R (1t 2 800 (EVRL A 5 0 — 1081 i B AR 300
Fk. __spam A MALAEREIE (20 WEHSKE, KL MEMKE) 7 ¥ L aygEEE
_classname__spam, ,E;EP classname %Eﬁﬁﬁﬁz@?ﬁﬁﬁ@ﬁ%ﬁ%%%%ﬁo

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

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

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

return 3 * self._A__ one()

four = 4 * A()._A__one()

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

& wsE

The private name mangling specifications for details and special cases.

2611 HWHETTHT _del_ R ERTRBEESTOHERITL.
B &8 AT e A
del BIAKA—EGIENY __del_ () - BEHEEDYH S BEHE, R ZAEY _ge1_ (.

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

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

Another way to avoid cyclical references is to use the 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, WARARH __del O JIEGIEGISL, Rl —MeE el S BB sys . stderr,

2.6.12 FEMARFEERDFAARHIEIRT ?

Python R EriBFEIE (s([E@AUE]) A g6l /nT O E dmm = Tl ss, PAE B IR 3
1 51 2 55 2 B R 5 RGAIE T 2 1
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2.6.13 [FftF] id () BERELRFE— ?

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 HHDEETTLUKE is BEEFETHIMRE ?
is A PRI AREE. B a is o FFI id(a) == id(D) .

AR EI P B e T B R A B ], & is a BRIV True o FREVMEBIGAE A A ST
A, BLATAEHERIBUR, SREME AR ] AT True B False o

gRiin, R PR EAS R R, IR R SRR, — ORI, PRSI ()
AHLAH = A

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

guaranteed that new is old.

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

assignment s[0] = x, itis guaranteed that s[0] is x.

3) If an object is a singleton, it means that only one instance of that object can exist. After the assignments a =

None and b = None, it is guaranteed that a is b because None is a singleton.

TERZ WHABGEE R, EERIBURA AT, MAFHERIRUR HEt. FEDE, SREMENEA B AR A
WL Bl BE IR e BLGIAY int Rl str:

>>>

>>>

>>>

>>>

9 Q O ©

False

>>>

>>>

>>>

>>>

a
b
@
a

False

is

is

1000
500
b + 500
c
'Python’
"py !
b + 'thon'
c

I, TS 28 B B Kk A e A ) -

>>>

>>>

a
b

[]
[]

>>> a is b

False

TEARE R = EE ARG T, A0 2] AT IE e (T s E st o SR
1) 140 PEP 8 sy, skEWEHIE B vone MIEE A, B 7EAE2UHE P i 2l 15 18 B 1) 9 5E

(EVik s A T i AT WA ED false AOTTAREL I 1-TRA -
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2) Detecting optional arguments can be tricky when None is a valid input value. In those situations, you can

create a singleton sentinel object guaranteed to be distinct from other objects. For example, here is how to

implement a method that behaves like dict .pop () :

-

_sentinel

object ()

def pop(self, key, default=_sentinel):
if key in self:

value self [key]

del self [key]

return

value
if default is _sentinel:
raise KeyError (key)

return default
.

J

3) 7 f B e AR 0 i E PR U A [EVAR S Bt . 33 T DA (AR U5 48 5t A floatCNaN’) 2 35

HIASER B SR .

B, PAF4E collections.abce.Sequence.__contains__ () BYEAE:

def _ contains__ (self, wvalue):
for v in self:

if v is value or v == value:

return True
return False

2.6.15 FEEINaTiEHIR o2 B flhREEFR &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.

Jir A i AN T TR A B H SO AR () F) 544 -

from datetime import date

class FirstOfMonthDate (date) :
"BMRREEBAME K
def _ new_ (cls, year, month, day):

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

class NamedInt (int) :

AH— BB F WX F LR

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):
" ostr BMEKBASMEE vrRL KB LB
def _ new__ (cls, s):

S

|7|)
'"'".join([c for c in s if c.isalnum()

s.lower () .replace(' ',

8 = or ¢ == '-'])

return super()._ _new__ (cls, s)

i SERET AT AR IR RR B -

>>> FirstOfMonthDate (2012,
FirstOfMonthDate (2012, 2,
>>> NamedInt ('ten')

2,
1)

14)

10
>>> NamedInt (20)
20
(BT —5)
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(B E—H)
>>> TitleStr('Blog: Why Python Rocks')
'blog-why-python-rocks"'

2.6.16 AN ERER T ALY 7

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 75 38 A BAT =T 3 L5 | B O vk . BRARRRES: LRSS 2 0, SHIE @ 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

@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

(BT —H)
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(B E—H)
def _ hash__ (self):
return hash (self.station_id)

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

# Depends on the station_id, date, and units.

2.7 {558
2.7.1 3N{aEBII.pyc $ER 7

‘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.

WIRARTFEE] foo B —H .pyc EE—Wt2E, FE-—WKT | ARBAET M .ove IHE
T PAME FH py_compile Fll compileall #E4H.,

py_compile WM AAFF F B AL TR, Ho R R A AL ASC B A compile () BRI

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

gy

BEH .oyc BAM foo.py MM ER __pycache_ THIE (BERTAMEH TR crile HE
B
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 infaik B BRI HE B ?

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

def main () :

print ('Running test...'")

main__ ':

if _ name_

main ()
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2.7.3 EERARERBHEESIAERME 7

TR AT DA IS4 :

foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var

bar_var = 2

R B A T DA T 20 BR
o FEFIA foo
o BT foo WA AW
» foo WismwEEIBRIA AT
e foo §| A bar
o HENLT bar [R5 S B
« bar EHA LB IR BT

e bar %I/\ foo (ﬁ%*@fé@fﬁ, E%@ﬁ*{@fg foo E‘J*ﬁﬁﬁ)
o GIAMEHIE R foo IEAM PRI foo_var, PARKE bar.foo_var

foo.foo_var

RIE—BRIT, Python 2 [EVH 58 ¥ foo MY ERE, T foo MAMATIR T U R 2.

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

ILHER (F) =M RemmE k.

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 % & 7E A EAFAH 4 DA I PR A T80 A5 15 -

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

e import WJ‘Z_E:EE

o TEEESUHE (RLIEHET AR i sl
Van Rossum R B2, RES ) A MBI (A0 HT , (0B T
Matthias Urlichs % F4f] (restructuring) JREQEZZCAS, DASETHE—BAMAREA 7 2R IS A

TE L REAE

2.7.4 __import__('x.y.z’) B4 <module 'xX’>, IPFKEI

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

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

275 ERBETESINNEALDEFRSINER, FHIHFREHREK. DD

-— V=

Satx’?

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:

2.7. {54

35




Python Frequently Asked Questions, #([F] 3.14.0rc3

import importlib
import modname
importlib.reload (modname)

et ILRHTENE 100% B — 2. JUHOR AU S 15 s BB U4 -

[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() # Ex— 1 c BEH

>>> importlib.reload(cls)

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

>>> isinstance(c, cls.C) # isinstance false? ! 7?7
False

AR EVEEE R TRREME ], PR AR AR A 1

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

>>> hex (id(cls.C))
'0x4198d0"
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REHMELERBESE

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

37
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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
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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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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 LAY L WA E (F R A T NSRBI (regression testing),  [EMREIEBLAL A i MLEEA—ALEEDI . 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

Seat A e TG A C R ERLEDE R R R g (FZRIERFRK) — W5 i A,
T MR PR RS € AR T S 45 R SR VR OB R, T DASE T AN FURT AN . RS, AR — (8 SR HE)
BRI 9% 33 SeRBLHAE A FEAR Y Y b IE & A

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
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VEREE A0 TRIG Al — Lo s P . WTDASE B, — {1 B S5 AN fEE A FAQ &1 il 1)
1, &R SESCHA,

F3— /NG PR 1 8 0 A g S A S RSB, MR R B E T A E R R E S
e, AN 0 2 S E D 2 ) R UG F A

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
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cHAPTER 4

A

R EMRE TR E REE

4.1 EREAXHE

4.1.1 FINTIRBIAITER X PIRENERER 7

%%@i?@%ﬁﬁ DAY Al A5 A R B B ek R A . (PR SBR[ A T DA RE Bk i
B,

I =7 ENE, 8 Python 25| s E R M Google B H AR E5% . 155 Python” il L AR/
SR R — T B SET,  REERE A A Y

4.1.2 BREIST L% FI 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 (%/>) =7E Python #ifl:
1) PA Python % %5 F#4H (.py);
2) Hl C B EE) R ARIBAL (dll, pyd. so, s1%5);
3) JH C Sigs EIR Er R as g B IO REAL; BOHE TR 26 List, AR

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.

B BB HAT chmod +x scriptfile BE AJHER chmod 755 scriptfile HRSERI .
SRR AT A 2R e . R EEM AR

[#//usr/local/bin/python J
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TEERE RIS —17, (] Python B SEIRZHRAEARIT-H LI BEAR 44

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 }

& ¥ COI EARNAT I HAE. COLEIAR Y paTH S BB AR/, I ARTR 260 B ey 2 R (E 2%
(e

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 50 1+"sa@

nnw

BB R e 5 TR __doc_ FH . (ELZARTT DA B T 55 A7 2 (B 11

{ doc = """ _ _.Whatever...""" ]

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

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

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

4.1.5 Python h2HEFZ%E? C By onexit() B9EFE ?
atexit BLAHFHL T —MBILIR Conexit () MEIERA.

4.1.6 EftEHEpAREREXTEER?
F i R L R D B A S Y S B 5 [ RO S B TR . B PARAR TR Ay -

[handler (signum, frame) }

Fiv DA ME % FH 1 22 O ] -

def handler (signum, frame) : J

42 ERRE
4.2.1 30{TR 5K Python BT ?

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.

unittest MALR—F TR HREHESE, B A Java Fl Smalltalk JlatAES2EIRLA

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

" "

if name == main 8

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.

422 WX HFEEIH ?

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?
B Unix S84 BRMRE %2, M curses YA TIERVEMR B, 1H curses /& 2225 AR A4 o

4.3 $hITHE
4.3.1 infafEARITEETER ?

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 FWMHITHROFBOHET: DD ?

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

— i LA A7 SR AR AR T — 2 (TR sleep, IR A TAE AR 72 -

import threading, time

def thread_task (name, n):
for i in range(n):

print (name, 1)

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

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

J

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

— {1 i R A AR T SR AE A T R 3 B EEGRT S — {16 /)N sleep:
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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.

ig e — M i BT

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):

o

t = threading.Thread(target=worker, name='worker "% (i+1))
t.start ()

# 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)

AT, SEAFEA AT
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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.

434 HEUHRMHLSBESERRTHRZLN?

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!

4.3.5 FHEMOLBEREEHEE 7

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

With the approval of PEP 703 work is now underway to remove the GIL from the CPython implementation of
Python. Initially it will be implemented as an optional compiler flag when building the interpreter, and so separate
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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.

[0 GIL 2800 5% —FE 7 2 8 GIL s B B H B84 AR AB 85 (per-interpreter-state lock), T A2 B 1F
43k $H . B FE Python 3.12 Wy P8, [EIH W/ C API H{fiffl . TEFl Python 3.13 %@ #{JtH Python
. HEiEEA RGeS = I oA, N B Ve E % 2 2 E s A REfi T, Hitas
1 I Fo A A A e

4.4 GAHKH
4.4.1 IfAERMER ? (UARHMhIERME. )

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 ().

%E%}fﬁﬁ@ﬂﬁ%, ?‘F’?ﬁﬂﬁ os.rename (old_path, new_path).,

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

shutil BHB O FFE HMEREI R, 35 copyfile (). copytree () fil rmtree (),

4.4.2 I{TEEHER ?

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 IMEEEER (MEBA) ZEMHIEH ?

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

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

import struct

with open(filename, "rb") as f:

€ & A}
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(B E—H)
s = f.read(8)
X, YV, z = struct.unpack(">hhl", s)

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

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

O f#E

To read and write binary data, it is mandatory to open the file in binary mode (here, passing "rb" to open () ).
If you use "r" instead (the default), the file will be open in text mode and f£.read () will return str objects
rather than bytes objects.

4.4.4 HIFEEFER os.popen() B3Ik pipe L{EM os.read(); [EfH[E]?

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 (), you need to use p.read (n).

4.4.5 WfAEERFY| (RS232) EHHE 7

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

72 Unix, #52[F] Mitch Chapman [ Usenet fif; 3 :
https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com

4.4.6 [E+TEIRAEA sys.stdout (stdin, stderr) FEEEIEMET ?
Python 4% % 2 PH 2 MIGRY C A E iR AR 0 B fh 52

For most file objects you create in Python via the built-in open () function, f.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())

BEARAT LA BV 7R 0. 1A 2,

4.5 A% (Network)/fAiE#Bi& (Internet) 12X
4.5.1 Python FHj& WWW TR ?

See the chapters titled internet and netdata in the Library Reference Manual. Python has many modules that will
help you build server-side and client-side web systems.

Paul Boddie 7 ¥E https://wiki.python.org/moin/WebProgramming#ft i 7] F HEZE R4 22 .
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4.5.2 FHFEZMER A IEBARBEIEIE HTML ?
AT DAYE” A8 B AR 4 3 BT <https://wiki.python.org/moin/WebProgramming>" b 38.3|—&4H A i it 8% .

4.5.3 in{a#¢ Python [ElA & E 4 ?
i A R X BEARAH smeplibs

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 ()

J

fifi I sendmail 2 {555 F] & Unix #8748 sendmail F2=C0 07 8 & B RS MIE; A REZ /usr/1ib/
sendmail, A KiE /usr/sbin/sendmail, sendmail {#f | F-ENREEIE BIR. &L #ip R s

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location
= os.popen (" -t —-1i" % SENDMAIL, "w")

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

P
p
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 fn{aEtge PHEE socket By connect() ik ?
select WAL I B B EEHE socket EAYERIZ VO,

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.

O #HE

asyncio SBUARAL T — 8 H I BT A E R R R U, TR A 57 AR P ZE A B AT . =0
Twisted pR 3B & — R4 T HIDRE S & iR O % .
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4.6 EHE

4.6.1 Python p @ EH/EMEREEHFIINE ?
A

Interfaces to disk-based hashes such as DBM and GDBM are also included with standard Python. There is also the
sqlite3 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 {RonfafE Python S E{ER XMW ?

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

4.7 HBFE(E

4.7.1 $O{T7E Python sk R B 2
FEMERAH random BUAE T — {0 HEME B4 it . VAR fd 8-

import random
random. random ()

TR [ [0, 1) 4 [ () B A7 S
RARA R R 2 A A g, il
+ randrange (a, b) ¥4 [a, b) FEE— R .
* uniform(a, b) % [a, b) i EEI B
« normalvariate (mean, sdev) ¥#AE (FH7) /HEMEFTEUEE (sample).
— SO B R U B R A TR, Bl
s choice (s) FE4ETH e — (0 HEROTE .
e shuffle (L) €rJEHh (in-place) $T7L list, R FEMEHES T .
A 1 Random HHE], VRFT DA & BEGIAb DA 2 {18 7. 1) A 2 s -
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CHAPTER B

BR/BANERBES

5.1 FKETLITE C hEITB IR ?

I, ARATDAYE C LS ekat. S0, BIAMEL R AU E ) [E)@HSAT, extending-index ST H A BH (E)
g

KA Y Python 55 0 & i 255 1 125 .
5.2 FOTLITE C++ PEITHSHIZTKMNS ?
JEH), I C++ P CHIBMEINRE . #% extern "c™ { ... } JAFE Python 5| AMEZRJEE, [Ei# extern

e CTERHFHE By Python BLREARIT I A RN . (ELEA A e U Ak EIRE C+ W (F T REAS 2 — 1

53 B CHR#: EFHMEER?

There are a number of alternatives to writing your own C extensions, depending on what you're trying to do. Rec-
ommended third party tools offer both simpler and more sophisticated approaches to creating C and C++ extensions
for Python.

5.4 st C $A{TIER Python BiR ?
AT ICERAE fe s B R X2 PyRun_simplestring (), ‘B2 B __main_ MR TRATH
RGO IIR R o, BEABIAL (245 syntaxBrror) IR 1. WURARAHZIE S0, &

H PyRun_String () ; %%Zﬁ Python/pythonrun.c =8 PyRun_SimpleString () E‘]Eﬁﬁﬁ%g

5.5 tnfgftHK E C BIEE Python EEX ?

WL ) — {8 B AL 13 PyRun_string 0 B, [EVEHIRIARTSE Py_eval input; B EHMT—EEZ K,
A EE R EHEE.
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5.6 nfarst Python ¥ pigE C {H ?

ERERYARRE. R ER—Moc4l, pyTuple_size () GREHEHRE, PyTuple GetItem() HI
BTG ERG[IEH . I EGEPIATE pyList_Size () fll PyList_GetItem().

AT, PyBytes_Size () SR ENILAE, PyBytes_AsstringAndsize () AIFRMLFE mRZ(HELZ R
JERTEIE . F5VER, Python N CALY AT BEAL & 2s Aioc4L, NI AER C Y strlen() .

W D, RS R NuLL, 4% P pyBytes_Check (). PyTuple_Check () .
PyList_Check () Rz,

TEAT i $13 Python ¥ {FY w1 By APL, ‘& i Fral iy [l | A prddfit—5E)# Include/abstract.h
PAT fRHE 25 AR B ALEF M PySequence_Length () . PySequence_GetItem () %5 pRzAgIFENY DA K
F % ot 5, BIAN8E (PyNumber_Index () Z8) £l PyMapping AP ({3, SR EEAT [ XF 7R 1)
Python J¥ S/ 4%

5.7 tnfafE A Py_BuildValue() iR RERITTH ?

ﬁ%ﬁﬁ%ﬁﬁf?ﬂa ﬁ%aﬁﬁiPyTuplefPack()o

5.8 fNfT{k C IEIMIPEY Tk ?

PyObject_CallMethod () PR W] I AIE I M (4 AT B k. 28R, By vE 4 . B
Py_Buildvalue () —EfHH MR FE, PASS | #E:

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

i T AT AT E A T ik e 2 ) R R T E SR R B T e A (B ] (2R

Py_DECREF () .

Bn, GEHTI110. 0 MRS PR "seek” Tk (IRBUEEYHREREEDNT”) -

res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
o BAE—EB L.
}
else {

Py_DECREF (res);

}

FHYER, A pyobject_callobiect () 4% T8 —{HCALIEES | #0513, 5 Z0EnY — RS | # bR
X, BEEO)” EERE R, EIRE— A8 — 5 [ 3 sk, #55  dEEARE RS, Fana)”.

5.9 FZin{TiE4E PyErr_Print() B9 (SR{E{TENH F stdout/stderr 4
i) ?
7E Python F2 A H /& 38— H S48 write O HEMWIE. AP BL4S sys. stdout Hl sys.stderr.

I-nY print_error, B H ARFPAEER IR HIEIE R . S8%, A S EEERA weite O HEIMRE
oA

B 2 S Lo stringTo H(E:

>>> import io, sys

>>> sys.stdout = io0.StringIO()
>>> print ('foo')

>>> print ('hello world!")

(BT —H)
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(B E—H)
>>> sys.stderr.write (sys.stdout.getvalue())
foo
hello world!

BT B AEr B & S TR s

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

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

5.10 nfafE C FELA Python R R YR ?
5T DAV AL PR, 1 T

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

WARBHEEE g5 A (B ERES B BIFE sys.modules W), B EWHMBA: GRS HEEH sys.
modules ["<modulename>"] E@ﬂao SR TS SR AT Gy 44 23 [ & e AT O )
EALEIBEFTE sys.modules W,

RBRARAT MF IS I (BB b e SRR A8 ) . J0TF B

[attr = PyObject_GetAttrString (module, "<attrname>"); }

Y Pyobject_SetAttrString () HAMEURAL AP i & Bt A L

5.11 Finfysk Python 513 C++ ¥iff ?
HEEAIRHY B KR A SRR k. P WMATILHRAE, i se R T ) W Scpk. SR

Python run-time %%, C il C++ Z [H[BEA KL HE—F I EEE C 4565 (F542) HE M #EHr Python
FAFIRY g8 F S C++ 1

Y C++ i, 520G CRE; B4 L bigEg 2,
512 HFERARRERFET —@EEMA, {8 make kT [EMHE ?

AR A HNEFTF A R, ARIREEA TR, WEauEms M. (R EE (A a5 2 — LA Y
shell [EJ4 hackery, i EEfREFRR/D, PIPAMESEAEEI.)

5.13 IAEHRFEE 4R EE ?

# GDB S REH A 7 — B O IRF , TERARFEZ Bl RETE R 7 b BUE B -
TEARIY) . gdbinit A5 (BXHHM), Hilard:

5.10. in{ar4 C 7= Ex A Python R B Y#EH ? 59
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[br _PyImport_LoadDynamicModule

IRA% . HRIEST GDB Ik

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

gdb
gdb
gdb
gdb

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

) br myfunction.c:50

)

continue

5.14 FABHEFKA Linux Rk L#RZE—(@ Python &, {BE&/D—L4E
£. [FHtE?

KEZ I TR Python 7MW T 475 Python % 7t I 75 1) — LR 22 .
Tr Red Hat |, 35424 python3-devel RPM 2RHUS- A BLIARE 2 .

¥ jiA Debian, J#HfT apt-get install python3-dev.

5.15 fnfaft [EBE|AN | EFH [FEBE&AN]?

AR Er REBTEE Python A2 B ERREIUATIE, A SERER: (10, By A Tif” BoA=i B or ek
FARE B PRRHESR B = H PR 51 98) B i — M SE R I0, (LREMmARME, EalE
PREEMERRR SRR o

7 Python 1, ARAIPAH] codeop AL, & FEAMEHEE T HINT &S (parser) 14 T(E]. 52 IDLE A (M E .

FE C AT RE BRI B B B 2 PPN PyRun_ TnteractiveLoop () (W RERTEFBIYHA T4 ) [E3k
Python HEAREREE A . /REn] LY PyoS_ReadlineFunctionPointer () 3¢ EE MR H & 3%
ﬁﬁﬁ/\@;—cﬁo ﬁ%ﬁﬁg]’}%ﬂ(, nﬁ/.Modules/readllne c Ml Parser/myreadllne Co

5.16 {arkBIKREFED g++ 5% _ builtin_new = __pure_virtual ?

FEREEA g+ PEFOBAH, IR E B Sk Python, B g++ FBif4E T (W Python {54 Makefile
it LINKCC), Hffif] g++ R IE o4 (B4, g++ —shared —o mymodule.so mymodule.o).,

517 HETLIA—%A C B{En97% %70 Python BRI #b757% (510
EBAER) EI—EY RIS ?

Y, AR AR EIEEE), a0 int, list, dict %%,

Boost Python pR=J# (BPL, https://www.boost.org/libs/python/doc/index.html) 2T —FEH C++ AT H
VERI Y (BPRTTDAGE A BPL A48 ] C++ 483 i3 e (D) .
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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
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>>> 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 » iR 42X » Python 3.x » Python (9 4-47), BE®
PARE— RS HE R >>> FRTIot. WRSER, EREERIFM exit 0 RBEA ctrl-z 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= 8 DAL foo.py” T AL Ay SR FOCHEHAT . WA A 22 REED ] B by A foo ARUATIEI AR, 1
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
o fE.pyd i, AR K list (H351)) e .

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



Python Frequently Asked Questions, £([F] 3.14.0rc3

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
& leo, HI3% init B Er Ay initleo(). WIHLARMH A SWIG shadow class (JH[E]), HI init X €& My 44
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(); // # % W Python,
initmyappc (); // #EH (FIN) ®EEE.
PyRun_SimpleString ("import myApp"); // 5| N\ shadow #[E,

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
7€ [11] (redirect) 1| ] 52 3% i BURUE ARATATYI0F, IR R 28 €155 read() FI write() method F)
Python ¥4 (TEVRRBEFERAL P RESR) WRTRAT

6.6. 30T #% Python #& A\ Windows FE iZxth ? 63
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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 -

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


https://peps.python.org/pep-0008/
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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) [

WRAEVRE A6, BA HA ATESEE. 78 python wiki b ] DUSR B — 035 - £ 10 DA B 45~ &5 S0 114
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

BAESE = RAE R aURE, BN py2exe Fl cx_Freeze, #Ag(EJf# T % Tkinter JiE F A2 K JEBE .

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.

67


https://wiki.python.org/moin/BeginnersGuide

Python Frequently Asked Questions, #([F] 3.14.0rc3

68

Chapter 8.

[[Eft[E] Python R EHMMEL 7] BRAER



APPENDIX A

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

FPAZR

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.

o The three dots form of the Ellipsis object.

abstract base class (1% JEEE(E])

g ERHE) (XREE) ABC) $4lt TR e # A m ik, VEElduck-typing (WsFZ4E) (14 72
HABRA BT, 1502 hasater (O, AVBARSRRNEUR WA RS (1l F BE#T /73 (magic
method)) . ABC [FIJfi [}t subclass (FHE[E]) , B MEALER H 55— class (JHE]) , (HA57] 4
isinstance () M issubclass () PEak; #22[F abe *ﬁ%ﬂﬁ@%iﬁ:o Python ﬁ%g@ﬁ@ 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,

annotate function ([FJF¥A=)

A function that can be called to retrieve the annotations of an object. This function is accessible as the
__annotate__ attribute of functions, classes, and modules. Annotate functions are a subset of evaluate
Sfunctions.

annotation ([FJf%)

—EERAA R class BYE. A2 Bk I EE A BB AR . BRIEG, BN ARIEEnpe hine (B
[EHR) .

£ runtime (74 [ S FTRESE VA LA, (R At g, JEER MRk X EVRE , - [EIRBEIDASEEEAE
HEFI /I annotationlib.get_annotations () AHUS .

%5 % [Elvariable annotation.,  function annotation, PEP 484, PEP 526 #11 PEP 649, gt & L Th
REAGETRH . B [EVRE A f (B By 5 55 2 [F) annotations-howto .

argument (5]%})

WY oR ZC IR BB 46 function (B{method) WH. 5|80E WifH:

o B4 7| # (keyword argument): FERANEI G DAEREIF (identifier, 5l name=) BHSEMIE]
#, s PA ++ 1R dictionary (FHlt) [EIR(E M ELERS 3. B0, 3 Al 5 #RZPAF complex ()
WY H g B g = |
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complex (real=3, imag=5)

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

|

o 12 % 3| 8K (positional argument): A 2RI 7 5| BT 1 H. (L ET | B e85 B RAE LR &
B, A () 1EE » Z&Wierable (WERAIE) HCRBERE. Fln, 3505 HRAT
ERELEVIVACCIE &

complex (3, 5)

complex (* (3, 5))

|

G BEr P E Sl X T M R A% A ., R SERCE A e @ AR R I, 552 calls Toji. 75
ik b, ATRAE SR SR T AT ARG s — 51 8 AP A (el v A [ i A

Atz ORTEE R parameter (281) H . # ARERAY 7| $cfo 4 S Moy £[F], PAK PEP 362,

asynchronous context manager (JE[RIB %55 PIES)

— i "] PAE ] asyne with BRI P REHEW YA, B L BHEFR __aenter_ () Fll
__aexit_ () method (J7¥E) AREEHIN. B PEP 492 5] A,

asynchronous generator (JE[q]BEIH:%%)

—A{E € [0 {# asynchronous generator iterator (JE[R]HEIAEZSEUL ) E’JIZJ—Q EREERG LA async
def EFM 12K (coroutine function), HAFRMEEMNST T vield R, ABEM—FRHWH
i async for [EIREMIME.

i@ﬁﬁni_:%’ﬁ%%%%ﬂj—@#ﬂiﬁ.igﬁﬁf fafﬁﬁbf}‘fﬁ* WA AR EFon Ak B 5 [E 4 ZEX
% (asynchronous generator iterator) . #—FIEM L ERENERE, IEELEEH 52 B AOWTRE, DAbE G
%o

*@jkﬁbpﬁi%ﬁgﬁﬁfﬁﬁﬁﬁ await @%ﬁ, W\& async for ﬂ] async with B%j‘?ﬁﬁo

asynchronous generator iterator ([R5 [E4: Z$ECES)

—A{# thasynchronous generator (AE[RIZEEIARS) BRECHTESL A

& — M asynchronous iterator (AE[FIZEECHS), BB DA __anext__ () method #EIFNY R, €r[E]{H—
fE W SEREYI 4 (awaitable object), %4 4% 11 %HL/FIEE%%/JZ—EI%“ HEBE N —M yield
T

B vield @R {ERHRET, F.BE%?)*L THRAE  (C 35 e B B Y try BROARR) o EAER
B4 BEREZE VAR —MWE __anext_ () [MEK YA S0 INE R, & a0 a4
#4i7. #2[F PEP 492 1 PEP 525,

asynchronous iterable (JE[R2L [ [EIfC1L)

— @14, B0 PAYE async for BRIA th#i i . DEMEHR __aiter_ () method [0] {8 —
{@asynchronous iterator (JE[EZFEICEE). B PEP 492 5] A,

asynchronous iterator (f IEJ EMRES)

—{HEAE __aiter__ () fl_anext__ () method WJ¥){. __anext__ () WsHBME—{Hawaitable (FA]
ERME) o asyne for @ﬁﬁ’l‘ﬁﬂ?ﬂ*ﬁ.ﬁ%&ﬂﬁ anext__ methOd E?@T%E’J—Iff I, EHE
'B5|% stopAsyncIteration ffl4). H PEP 492 5| A

attached thread state

A thread state that is active for the current OS thread.

When a thread state is attached, the OS thread has access to the full Python C API and can safely invoke the
bytecode interpreter.

Unless a function explicitly notes otherwise, attempting to call the C API without an attached thread state will
result in a fatal error or undefined behavior. A thread state can be attached and detached explicitly by the
user through the C API, or implicitly by the runtime, including during blocking C calls and by the bytecode
interpreter in between calls.

On most builds of Python, having an attached thread state implies that the caller holds the GIL for the current
interpreter, so only one OS thread can have an attached thread state at a given moment. In free-threaded builds
of Python, threads can concurrently hold an attached thread state, allowing for true parallelism of the bytecode
interpreter.
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attribute ()&M)
R LI AR B O, RZ(E K2 RE 75 10 {40 B i 802X (dotted expression) 1444 4 2 B . 3]
an, WP o H—HE M a, HIFZETERELA 0.0 #ESHE.

MR RF, BT 24T 2 H identifiers JIF i 362 #k(EIFF (identifier) 1) 8 1 24
AIRERY Wﬂggf%)ﬂ setattr () o GE R Y B 1 1 M6 o 1) 2 4 B B R A B, 1T 2 7 0 )
getattr () KEIGE.

awaitable (W[ Z:5591F)
— B W] PAFE await SR H 914 B 0T AE— B coroutine ({8 ), 82— A _await_ ()
method ¥4, 752 ([E PEP 492,

BDFL
Benevolent Dictator For Life (#& & {"2&### ), Y4 Guido van Rossum, Python ffI3E% .

binary file (" ifEfIRESR)
— I BE[ENE RN 55 A byres-like objects (ERLTCHLERYINE) 1 file object (REFPIF) . —MENAHRMH T
;ﬁi I)]\:i%ﬁﬂﬁit ( 'rb', 'wb' ﬁ 'rb+! ) F';ﬁ[ﬁ’{l?f%%\ sys.stdin.buffer, sys.stdout.buffer,
PAM io.BytesIO fll gzip.GzipFile B,

s Eex file (CFAERE), B WREERIHEA str WIHREED 1.

borrowed reference ({2 )
7 Python ) C API 1, f& & B2 —E M 2 R, Hh iz EUSEAEE R
W, IR B, g E)— 2R i& 1945 (dangling pointer). 4N, — K33 BIIL (garbage
collection) T ARG B39 {41y et — MWl strong reference ([E12H8), Ti$ sz {4-85(E,

$borrowed reference WENY py_INCREF () DANSE 5 b (in-place) @ [El[Elstrong reference 24k i 3 %
W, BRAE YA BETE R AR — K S 2 I 2 miti 8 (El. py_Newref () bR W] A 27—

Hstrong reference.

bytes-like object (FEfycalH ¥tk)
— 1 3 $% bufferobjects H.BEEINE Y C-contiguous IR W4, BHAIEHTA N bytes. bytearray Hl
array.array Y, PAKGFZ % R memoryview Y44 BIALTCAH AR P FRT FA BEHE 36 67 BT
A ELE A . TR IR RS socket (FHEE) BEIE.

AUGER TR AR AT . EWISCRE R R L R AR s AT AL R .
] SRR I A )4 bytearray, PAR bytearray i memoryview, HAMAYESE 2 A
B REAEAEA T Y (THEFIRBIACH AR ]) s BLEYFEEE bytes, PAS bytes P

memoryview,

bytecode ({iJC&HE)
Python 1) J5L 4G 8% € 9k 4 s S LT AL, & /2 Python FEHE CPython Bt h iR . #% M0
LA G AAE cove FERH, DATHEE " WREAT i) — A R B s ol (W] DAAS F A B 15
TS REN CAME) . S [ M35 (intermediate language) | $E[F) 28474 — 1l virtual machine
([EHgetgas) I, szEUREMes & T EL AR 17 O AL A B MR 15 (machine code), TYFE M2,
JCAL G PR G 2 e AN [A] Y Python [FUSEME RS > FEAERY, AN BELE AR AR AR Y Python 2 [ fR4F

(L TCALAG I8 251 F AT DATE dis BEALIY [ER SO 4R 3]

callable (wfW:nL#{t:)
— 1 callable J& 1] DAREIEIY A, RN IEa] BE DA R A A — 45 13 (5 Rargument ) :

[callable(argumentl, argument2, argumentN)

—Al function BLHIEAR K method FR 42 callable, —{HA EAE __call_ () ¥R class 22 B il o 2
callable,

callback ([a]If)
VIS | S I ) — 18 B A 2X (subroutine) e, @ E A 2 LA R T B LA 7

class (J(E])
— W P A A e IR . Class 11922 83 % @ {2 & method [ E 3%, 82 method 1] DA
TE class 1 EBIl_F T8

7
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class variable (Ki[E/5#%)
—fBIA7E class R EFE, HIERZ HAETE class JEIK (GBI ZAE class [EFIH) BB 58,

closure variable (PH{e%4})
HEANAE T b e 8 FLAE S AR 1F R 32 IR B o & 3, RS20 runtime 7843k (B2 6y 44 25 T AT o
T PAHFH nonlocal BHSET-RMEE FASCFEE ALFE, S8 W0 R 18 55 s B s s B e SR BT

BIAE T A TG Y inner BENH, x M print Afjg A w2 #, (AA < 2H Q% H:

s R

def outer () :
x =0

def inner():
nonlocal x
x += 1
print (x)

return inner
. J

74 codeobject . co_treevars Bk ([EFARAIL, (HE /A EPHOEBINAR, ARSI
A2 E R ), EHUNE ISR O MRy, AR B g i Sl A B & & S

complex number ([E14%})
— AR AR E ARSI, eI Mol el 3R B g ERS 2 . [Eldot 2
[EEEAT (-1 AP AR ) RO BESAT, BLREOE e s P E] 1, #E TREER g5 [E] 5. Python
T EEE SR, ERARENREARIOREE; ERBE AR 5 e, flan3+15,
FrEHE math WIAHE)Y) T HARR0h A N EE, S50 cmatn A4, (B0 6 A A2 — R 3 o Pk ) 2
BIife. WRRE B E MR, IRERFREfEE R0 DAL 4 b Z i e

context (#1%)
This term has different meanings depending on where and how it is used. Some common meanings:

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

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

o —{ffl contextvars.Context Y. HE5E%Elcurrent context,

context management protocol ({EEIEPE)
Hi with BERFTIEINE  enter () Fl_exit_ () F¥k. 7inaE PEP 343,

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

context variable (J{5BE%s))
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 (JH&AY)
N — (G218 5 &2 C-contiguous BY /& Fortran contiguous, ' &) Hipk i E 2SN . B4 (zero-
dimensional) /) 4% 1if [# &R 52 C A Fortran contiguous . 7E—#E (one-dimensional) 841 /| 4438 H W /EAF RE
TR RS O A AR HDHES ), RS PR I IAIE R . #F 2 4ERY (multidimensional) C-contiguous [i
Fi, FEEr SRR AL ) P [E S AR I H R, fefk — RS A9kl #R1fiT, 7E Fortran contiguous
Mg, SR G k.

coroutine (FL)
i 2 FIREX (subroutine) fit)— 7 S (EIEE SR 2. IR X2 70 10 Rl ] 20 0k e A LB 7 — fHRT B
EEWGE H . W EE AT DATE R 2 AN A (R I T B AL B AN . B MAEEIPA asyne def BRIAA B
BiE, B3 f%- F| PEP 492,

coroutine function ([FLe)
— 1l [F] H coroutine (HFE) WFRIRR . —(HIHFERREELA asyne def PR e s, EnfEaw
{‘g’,\ await., async for %I:I async with Eﬁ%%?o E%Eﬁﬁ%?ﬂﬂ PEP 492 %I)\D
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CPython
Python F2 55 = IAEHE B /E (canonical implementation), #%§7i7E python.org [, [CPython | & #F
RETEL BRI, DAL I B AR B B S B/, 19140 Jython B TronPython,

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.

cyclic isolate
A subgroup of one or more objects that reference each other in a reference cycle, but are not referenced by
objects outside the group. The goal of the cyclic garbage collector is to identify these groups and break the
reference cycles so that the memory can be reclaimed.

decorator (ZR:fiigy)
—ER, BRI g, BTG ewrapper 35, WO HE)—1E k211 8(E) (function
transformation)., ZEAf#SH T FREIF] & classmethod () fll staticmethod () »

Fetiian ik HUZRRRRE . DA W ek E SRR IR 2 AR

def f (arg):

f = staticmethod (f)

@staticmethod
def f (arg):

L J

Class WLAFAERH A MMES:, (EAEIREIICAR . BN BEMZ I EZEA, w2 ERUE M class
SE SR S

descriptor (}iiR7%)
ATEFR T _get_ (. _set_ () B __delete_ () method [¥f. 1 class & P& —fHH
WERE, BRI AT TE G e AT R R i . R, (T o b AU s SR 0
K¢, e a i class FHLPE R A FRE] b (90, HAE b 2 AHHAR, JIA S BRI A #S method
G SRR PR 2 IR AR Python (RS, HWEICMEFFZYIaeM R, SLYmkE
FER 2. method. J&VE (property). class method. [FJAE method, DA K ¥ super class (ACHHE]) UM,

B IR 2 method (¥ SEZ &, #52(E descriptors sl iR 2 i1 467 .

dictionary (5zilL)
—{| BH i [#41 (associative array), H TR A8 € g BB, ST URAE(THF A __hash_ () Fl
__eq__ () method ¥4+, 7 Perl Hili FEEIHEE] (hash).

dictionary comprehension (‘ML 4 )
— MBI AR T EMR A i AR R e 2R, B BRI SR DA — i 2 L ]
results = {n: n ** 2 for n in range(lO)}@’éE*ﬁ]?J,ﬁi, ﬁ@@Téﬁn%@&@U@n bl
2, #52I[E] comprehensions

dictionary view (“HLiGH)
# dict.keys (). dict.values() M dict.items () FMHAYAPMEF iigH . ©MELE TS
SR IEH B AR, BRI E I B, il G s s B 25 B E S A E)
sERny list (EB%1)), ZEM list (dictview) . E2[F dict-views,

docstring ([EIW]zit)
—fBTE class. eREBAL Y, MRV —EER R BN T H SR . MEAR EAEE T IR G 20
(B e, [RHATIE class, MAXSBHLY doc_ BPEH. diENF TS
WER (introspection) SV, PRI E &4 14 ) (R HH SO AE BB R 1

duck-typing (4} %4(F))
— AR EAS , BN A — R R R E e e R B IR R s BUMT R Z 152,
method B} J& 1 & B AL P Y s T . (TR B B ARG — B i o sty —ERs T+, A0
el BT, ) WHEEEA IR E R, o2 8 (polymorphic
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substitution) HEHEHEE A BTG . 16 THUEI R A type () BF isinstance () BEATHIR. (HA2HE
W, TeTRIEIR DA 44 2 38 & 28 [E) (abstract base class) RIS . ) IR, B €E hasattr ()
L, SR EAFP FECEERT R -

dunder (##)¢E])
—IEIE A5, A3 [#)IK[E (double underscore) |, ki ® 4+ 7k 7 A WEM A . BT, __init
1 T U dunder init”

EAFP
Easier to ask for forgiveness than permission. (>R EXHFERF W ER S ) BMEE R Python 4l
JEAR B S AR R S8 BB R I A, (B ek AR e A IR T 8 91 b o 3 Ao () L 1 JaAs
HAFORAFAERTZ ) try Al except BRIA . REBAMELEF 2 HAWRET (140 C) % ALBYL JaksTE
LT

evaluate function (R{E )
A function that can be called to evaluate a lazily evaluated attribute of an object, such as the value of type
aliases created with the type statement.

expression (i)
— B ARG ERR Y wE . [EWEEE], — M Ctd 0. 2. B, SR TRt
Iy & e B T R, 19 LT AR e Il — (. Eﬁiﬁgﬁﬁﬂnn FAEME, FHEFA K
Python 35 & 1S AR @A . I AMT —siatement (BAZ) AREMAMEER R, Bl white, BX
{H (assignment) 2 BA, A ZER .

extension module (¥ 7 FigH)
—fH DA C 8 C++ S B HUA4L, B Python [¥) C API ZRERAZ.C> S fifi F E ARG A T HLEY

f-string (f G7H8)

f-strings (f =)
PA £ 55 F [EIRI8R ) 75 SO E # R E) [f 5 ], Rt F B R 4% . 7w 2[E PEP
498,

file object (K§%¥1t:)
— {3 ) i 222 i (file-oriented) API (4l read () B{ write () 4% method) MEERVEIRIE &K
I o HRAEAE R )y 2, Eﬁﬁl%ﬁ%ﬁﬁﬁzﬁﬁ%ﬁ?i FABBTRL Y fi A7 2 BOE T
(A /i SR ERR . socket (7i8) . AFTE (pipe) %) MOFFHL. HHEWIF
W REE) 48 4% £ 1 (file-like object) BY % i3, (stream).,

B L, A=EMEEEYM: RGN =854 2. BN =858 S MUF48 5. BMMINELE io
WA P WE SR . BSTAR B A UE 7 VA B open () BRZ.

file-like object (Jik§RW1E)
file object (REZEWIE) A FEF .

filesystem encoding and error handler (28 2 45 &l FIEE 0 i P PR )
Pyt/fllzon JIe (8 ) — T A S S SR PR pR 5, ARG 2K F VRS R AL TCAL,  DASGH Unicode #5ifl
PR

R 5 2 5 S A L ZEL R BE R BT RIS P /NI 128 I TG4 . W SRAE R R S s e g it b A, |1
API {0 & 5| % UnicodeError,

sys.getfilesystemencoding() %l] sys.getfilesystemencodeerrors () @Kﬂ}ﬂﬁ&@ﬁ%ﬁ%

F 5 A A A SR i PR X

filesystem encoding and error handler (T% %R 4 G A B 3R i T R ) €5 /£ Python () B Ky
Hﬂ PyConfig_Read() @Kﬁ@ﬁﬂﬁ HH/ . filesystem_encoding, U\& PyConfig E]’J E}CE

filesystem_errors,
et 2Fllocale encoding ([F I 4WHE) «

finder (Si57%)
—E P, e ERENEAEY, import (A K loader (BALR) -

A WTERAR AR RS . LIRS F AR (meta path finder) il sys.meta_path, [Mj¥4i&78 B F4k %
(path entry finder) € ffi[f] sys.path_hooks.

pillngeE
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#% 2 [F) finders-and-loaders 1 importlib DA T fE 8 £ ANt .

floor division (i) FHUR[RTE)
1) A 1 2 25 B S P ) BBk . 1) NIRRT T2 /. pildn, SRS 11 /4
Rt R E 2, B float (FFRiM) FFRIAPTIEIMN) 2.75 AR @ER, 10 // 4 KEREZ
-3, WER -2.75 B F @M%, 721 PEP 238,

free threading (|1 hiT4%)
[E—FEATAERIRL, S W74 T DALE R — B 3% 4% R AT Python (oCALMG. JEELA 3 A 3F 5
SRS, YA A TA AT Python (1 7C41A5. #52[E PEP 703,

free variable (|9 HH%24%)
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 (pfX)
— R BAZ, B REE R Y S et ] DA R R B 7| S, S s | ] i
R R XA T SE2Eparameter (28). method (J5¥%), PAK function .

function annotation (pfxXEIRE)
PR 2k B EAE I — {8 annotation ([E1f#).
R VIR R Fe s LA, SRR FO 8 A Loe 5180, DA toc
B

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

bR S E R REATE function FEEiA REANERE .
i 2 Evariable annotation Fl PEP 484, %A BN REMHIE. BRERGBEEETE, Bzl

annotations-howto,

future
future %JZE:EE from _ future__ import <feature>, j’g‘%%ﬁ%%&{ﬁ}ﬂ%ﬁ%i’{ Python EEKE]{]%§’
A A R BEEHE R REA R 38, AR B Al Rist. M future BUHNAFEE)T feamure (3
fie) ATREAYIME .. 738 import MASLAH 38 A BORE, IR VT AE 5L (RHT 4 2 BB 2 o] IR 1 YRR Rr 4 2
WEEE T, BRI g (SO 48) mEmER 6

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

garbage collection (b7l )
RO AN PO R, ORI B R, Python AT B3R I, 2 i it 2 Mt B (reference
counting), DA A — 1 & [E) A% I A1 v B 22 BB A6 2R (reference cycle) 1)1 B8 b7 4k [0l e % (cyclic garbage
collector) HC5e . SLIR MR AT AGE ] go MR 38 HAEA 745

generator ([E14:5%)
— (A& [l generator iterator (EVEZREIRER) R, BHEERG -MEFKEX, HERRKEE
WET vield HEHRX, GEEAE RN, SLnT AR for [EIRE, SJ2PA next 0 W, HRig
FIL A — R .

1B ATHEE A s —HE A gk, (AR, e R FonEl A BERE., B—HE
MR BAENSE, AR e s, DAl ER.

generator iterator ([FJA4:25[FE1R2S)
— i thgenerator ([E)A:%%) BRI BT
B yield S E R, ERCAATIRAE (050 e s S B i oy Bdt) . HEA %
ER2 IS, & I n sty A AT (BRSO v I ) ARl o 5 B A 1) R A AR TAD )
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generator expression ([E]Z}:#$i#%7)
— g B ER S 0E X BERERS MIEFEERSR, B M for T4, % FAER
TEE s, SR AR i A AL A ErE o1 E bR A 2 (A -

>>> 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 XSS [ 1) R (BB VE R () (Y S . P o] 3 % (0 O A
1, 2R R A (dispatch algorithm) AEE)E o

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

generic type (7Z7UI(E])
—{ RE[E 4 2 81k (parameterized) fl)rype (FUE]); W2 el %2 1ist Ml dict. B
FA R [El32 = FilE) 2

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

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

global interpreter lock (4B{ A 8H)
CPython B T ROMER], T DARECR B3 H8 U — I8BT4 BEBLAT Python [byrecode ({2 yC#
5) . FHAEY AR (EHERENERIE, @ aict) HEjHLEGESTFH (concurrent access)
W fE R, A% T DAfE ft CPython F)BE/E. 8w Bl LA, @M B a8 H AL KB 2 AT 4%
(multi-threaded), {HAR(E /2 S Ein 2 JE BEAS AR 28 RE[EHR (LA — KB40 P41 (parallelism).,

SR, A5 Le PR M4, M A a2 58 =y, Bk s e LA R A ol A (B S 145 4
(computationally intensive) [R{EREF, W DA GIL. H4b, FE#AT /O Ff, GIL 442 Eryiffig.

# Python 3.13 BAAAFT DA A ——disable-gil ¥ B R4S GIL. i f IUSR I AT, Python /%, A
A -x gil=0 ACHATRERA, B s PYTHON_GIL=0 JRESF B A TRE A . DLThRE ] DA
T AT A AR e, [EME 240 CPU (b (i S8 A L) . A BE L 5E40 a3,
=2 [F] PEP 703,

In prior versions of Python’s C API, a function might declare that it requires the GIL to be held in order to use
it. This refers to having an attached thread state.

hash-based pyc (JfEI42HER) pyc)
— i L TCALM (bytecode) BT 77, Bl FH AR (EVEL I A 2 6 B I it 8 (A Bic PR A W I ], e s oA
Wbk, w52 (F) pyc-invalidation.

hashable (W] 3i[EI))
W — AR ENE , 3% HAE S E RS (BFF%—MM _hash__ () method), H.
Al EHARY A (BEFE—M _eq_ () method), HPEEHE—M-THE . SR
[EVFH A 28 AT AEE 2, e M ZE e AH TR 1 AR EVE .

AHEENL: (hashability) (f—f@4 {F 0] JI/F dictionary (F78tt) MYSEA set (4£65) HRA, WEELE
FHE R R A 1 A

KZ Wiy Python RNl SAEIE Y (HA0 @ T AEE s W ZRAR (BIAN list 5 dictionary) [EVRJZ; TR
AR S (B0 tuple (JUAL) Al frozenset) , MUAHE MR 2T TR, EMA S A 205k
By EP 25 B class WEEH], WS LEY M ara B E T AR Y . & e HAH U
AR (RAFEMEACIE), meMrEERRATA 3 BEMY iao .

IDLE
Python [7] Integrated Development and Learning Environment (#% £ B %8 BLEL B FHES ), idle 2 —{f A
(AR I LR AR BT, BRI Python AYEEMESEA TIROA — 2 g It .

immortal ()%)
B (Immortal objects) 2 PEP 683 5| A i) CPython EAF4NH

MR — PR, B 2 S SOKEAN GBI, IR B A T IR B R AN S Rl
BN, True Fl None ¥£ CPython F 2 ANJKIH .
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Immortal objects can be identified via sys._is_immortal (), or via PyUnstable_ IsImmortal () in the
C APL

immutable (Afsw[&291))
—fEEA B AR AT aREEE. PR wple (Joi) o BB R A REDINOEY) .
SR A [ A (b ZE R AT, RS, — R . MR B e e EME A by, P
B, 40 dictionary (“FHL) o) —fE G .

import path (5] A%7%)
— R (Bisc4238 B ) M3, TARE Bl 24E import B4R, Er@ipath based finder (RLJAEE
RiEtga) AR E . AF import [, A7 B Y FE T L KH sys.path, HERFEN
(subpackage) T 5, ‘EMATAERKH XEMH __path_ JE .

importing (5| A)
— R . — A ) Python R W] DAZE M ML AE , 9% 05— B4 % Python B AGMEH .

importer (5| AZ%)
—H REES SR ABA I R finder (FA58%) WRloader (FARR) PF.

interactive (77 Bji1y)
Python 5 — i HL By U 34 ﬁi’%ﬂ?%\ﬁf%Eﬁ%ﬁﬁ@%ﬁ?ﬁﬁ@/\ﬁi@ﬁ%ﬂLﬁf SRIRATE
MEHAER EMER. HEEE) python, AFFEALMGE (7] BEFE 1R BN 52k b R4
B). Sl a A A e ER R E e help(X)) W 2 1 B A

#GE A tut-interac,

interpreted (P2)
Python J&— R EFERE T , MA SRS, AiE 4 nTREAT Lerihl, HEG (L ICALES (bytecode)
%%%%E’JT%T T8 R R IARE R ] DUE B GE ST, MR TR I b S ) — AT, R T
T Hinh s B L EE S A B e/ BB, ANl e M e Re el s TS . S
% [Flinteractive (HEIH) .

interpreter shutdown (P 7$EIH)
i Python E{i#R 9k ZUKBHPANE , B o A— BRIy B, FE M e B i A s EC e & IR, 71
ﬁﬂﬂ‘%@%ﬂ%@ B ERAE . B 2 I35 3R =0k % (garbage collector) . & REEEE(f 1H # B
SE R fEAERR X (destructor) B555 | HI ) M (weakref callback), [ER4TH: i XA . 7 BH PR BE ELpE
%ﬁ?gﬁ%ﬁ;@ﬁﬂ%@%% . WIEE kA IR T REA A TER T (8 BRI B2 o X Bk A
Ep e 1),

HAGH AN FZER, 2 _main_ BHHEBUERGEITHEAR CARATE M.

iterable (n[[EfCH1t)
— e R E)— ok el P B . ATER PR B RS A 1 PN BE) (82 1ist, str
il euple) RDRRARRAIE, (R aice, fi5 400, DUBIROTERIOIER class D11, SLEER
class 4 B fsequence (FFH) sEER __iter () Bif& _ getitem__ () method, EZ%#FTJEXET.{JC
Wit

AIESC AT R for [EIREIFIFF 2 HAL TR 2P S (zip O« map ()..). & —fEAERY)
RS | g R A E# R iter O B, EEERZY LR E—MESCE. Etl4ﬁ%§l_ﬂﬂﬁ"§+%~
AEIEAT— (one pass) FE . M FAEMCEFRE, WHA—EEIFN iter () S AFTEIEIE.
for PFRIRZ 6 [ B HUEWREFE L, B — R ARt 4 s, R ZEE B A %
EIftsgs. HagzBierator ([EWC2Y). sequence (JF5) Flgenerator ([EV4%).

iterator ([E{C%%)
—EFRER T LE. EEHIEYEREEAY _ next_ () method (B2 K T 18 08 45 [ 78 o 24
next ()) GKFEIEERNAH AT H. EAHA G, Hl@5]% stopIteration B4k, Bt
B, ZECSY e E, TS E _ next_ () method [yiE—IEN, # H € FH k5|5
StopIteration. [EMUHHAEA M __iter_ () method, B €rmEHEUCEMIEAS, A DAGEHEE]
RAS A T EM 1, ELT DA A K 22 o B H A T [E o 035 . — (MR Bl 4h, 28
2 [EMC (multiple iteration passes) [IFER M. — Y1 (812 List) FERFRMKEE RS
iter () BENEAE for [FIE P TRE, #eEA —MEmERLE. FAERSERILE (£
ﬁ%ﬁﬁ%‘%ﬁ@[ﬂﬁﬁﬁﬁ*ﬁﬁ TR . A e SR E R, AR A —
] 25 A 25 o

£ typeiter SCH R DAFRE B 2 .
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CPython [El R @ i 4t — i @b [ERARAESR _icer_ O ) BMEBE. AL, free-
threading ( H f#1474%) CPython AR EIR G RIEII AT 42

key function (HpHX)
i R U7 R 5 (collation function) Jg&—{f H]FFRY (callable) pRxC, & & [ml{#—{E FI A HESF (sorting)
ﬂ,’_‘qﬁ}? (ordering) E’Jﬁo Wﬂﬁﬂ, locale.strxfrm() %&Hﬂ%é’iﬁﬁl Tﬁ@@ﬁ%féﬂﬁ?‘fﬁ%%ﬁ?
#E

Python i #F 2 T H., #R4#E 32 DAGHE bR XA il oo R @ 17 sl Ly oy X BEMAEHE min 0 .
max (). sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Hl itertools.groupby () »

A& E A AR . — Rk, BT, str.lower () method W] PAVEEIA 23 K /INES HEFE i) 8 R
Ko WH, AR WAT AR 1amoda B X PER, B lambda r: (£ (0], r[2]). I,

operator.attrgetter (). operator.itemgetter () ﬂ] operator.methodcaller () Eﬁl%@

B 3 (constructor) . BRI AR 7 AN F S ek X #8681, S5 S EAnfTHESY -

keyword argument ( [Z 8525 4)
2 (Elargument (5]3%).

lambda
i B —expression (GBS ) FrAL AR — {1 B 4 /7 [E)pE X (inline function), 3% bR =k RF ML iy SR A .
#£37 lambda R EEVE 2 lambda [parameters]: expression

LBYL
Look before you leap. (=& T, ) i1 45 EA& @ 7E AT s 402 1, BA e 0 S B
. EEERELEAFP OB, HEMF G2 Oa L it BASWAAAE.
fE— M Z A TR, LBYL aUATE [=8] Ml [#&47] Z M5 A T #EWELE (race condition)
P EBE. BITPATFREXAS if key in mapping: return mappinglkeyl, AT —EFATEELET
2 BEAEE R Z AT, 1€ mapping TRERR T key, RNz E =5k € L%, 8 18 8 AT DA 88 (lock) Bk
il ] EAFP gfi =X AR E

lexical analyzer (GH7E5Hras)
tokenizer FIEX 4G w52 [Foken.

list (#351)
— 1 Python [EV@ (#sequence  (J751) . [ERE B4 T2 list, ©HEHRURIHALRE 5 g — 17 51
(array) MG —{HGEEEERS (linked list), [REWFROTER IR I EE L2 O(1),

list comprehension ( H B 45 & 355
— T AR B 75 i A TR E R A O R, (S R BN SR DA Nist [l Al 22 )5V . resule =
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] G4 —MFH list, Hi M
7 0 %) 255 Hi[EH(E), Fra e TS0 35 (0x.). if FAEEEMER . WA E, B range (256)
H T TCR AR G PR

loader (EARY)
~1EI§E$SU\1§%§HE@%1¢Q EL[Z\ZE;’E%E exec_module () ﬂ] create_module () ﬁ%%ﬁ"f’ﬁ Loader
. BAGEE ZYifinder (FAHAE) M. HE2AHHESE:

o finders-and-loaders
e importlib.abc.Loader

« PEP 302

locale encoding ([ I8 275 )
1F Unix I, ‘B2 LC_CTYPE Wiz EM4miG. © A DA locale.setlocale (locale.LC_CTYPE,
new_locale) K%ﬁﬁfo

7F Windows [, ‘&2 ANSI 5 E (code page, f5ilfll "cp1252"),
{E Android 1 VxWorks I, Python i ] "ut £-8" {E[FI @4 .
locale.getencoding () ﬂ%ﬂﬂmﬁﬂﬁ%lﬁiﬁ%ﬁﬁ%o

WA filesystem encoding and error handler
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magic method (T J71:)
special method (FpEI7H:) m—E3EER R i .

mapping (%)
—EAEHY, RN AR, HAEEAE abstract base classes (fll g HIEEIE) v,
collections.abc.Mapping By collections.abc.MutableMapping Eﬁ"é‘fﬁﬂ/\] method, ﬁ'ﬁﬁﬂ@{lﬁ
dict., collections.defaultdict. collections.OrderedDict %H collections.Counter,

meta path finder (JCIXRFRY)
—FELEH 3 sys.meta_path MM A E K finder (FAREY) o TCEEARFAGIR ELIL 128 B F48 % (path
entry finder) FBIHZAN [

B R TC B AR AR 25 B VEIY method, 552 [F) importlib.abc.MetaPathFinder,

metaclass (JtHE])
—7 class [y class. Class &8 FE & 2 . —1 class 44 ff. —1{# class dictionary (FF#t) , DA —1H
base class (JJEHHE]) (1513, Metaclass B35 #3705 —ff5 8, [ 5% class, K2 Y 8 )
FEAEE S G R MTERLAY EC/E . Python (ORE)Z JEAE A & BEEIEE T H #THY metaclass. Ko il
HEREFEN TR, HREFER, metaclass i DARALEIR BB ME £, BMESH T
EB AR S TaE Atk JBEW RS . BVER B (singleton), DAJKHF 2 HABMATHS

% %] ATE metaclasses 25 i Pk 5] .

method (J57%:)
— A class ABSEIREE 1. W15 method EEVH: class B i — 18 8 MEBIE Y, WIS I 615
sz B RE S —Wargument (5180 (W51 8o HHARE se1t) . #H2E funcion (FF3X)
Flinested scope (HIRAEIEL)

method resolution order ( J5 7 M7 IE)T)
T3 VSR 7 2 e A R A S A, base class (JEEMHE]) B8 FIEF . B Python H
2.3 JRE AR T s R, 55 2(E) python_2.3_mro,

module (Kil)
— {5 T Python R MEAY AL 4k BEL(7 (organizational unit) A1 BIAA @M sH, EASIEE
() Python ¥4 . #4028 Himporting [F)iFE , #{#H A % Python,
WaksFElpackage (B44).

module spec (BigHHI#%)
—{H 4 25, EAE B RNEAARAH R import #H B & . B 42 importlib.machinery.ModuleSpec
{0 B

7 5 2 [F) module-specs .

MRO
st 2 [Flmethod resolution order (J5fEANTNET ) o

mutable (]%&Hy1})
AJ ST AR A, (BRI i 0 o BaEgEimmutable (TP .

named tuple ([ft#Ic41)
it Tnamed tuple (Pf457c4L) ) /2451 tuple AR IGATATRESY class, H BT 25 (indexable) It
F A DA B4 AR . 15 SRR, class 0 R] PAELA HoA R 4

A L[F) 2 [F) 2 named tuple, fFEH time.localtime () fll os.stat () EMEAE. B—REF T2

sys.float_info:

>>> sys.float_info[1] # L& B FE

1024

>>> sys.float_info.max_exp # DAL 2 A7 B
1024

>>> isinstance(sys.float_info, tuple) # ‘?EJ 7]1\ tuple ﬂ
True

A named tuple 2 EZEHE (40 EF1) . B3, —{f named tuple 8 7] DAFE—1F IEHLAY class 58 82K
HAr, HER% class 24K H tuple, HEFE T AN (named field) B W] . 355517 class 7] AT T4
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B, [ PAMEK H typing.NamedTuple XA, 0] A A T kR =X (factory function) collections.
namedtuple () AL, HE AW T —LLZHIMY method, 5 24% method H] RE & 7F T 55 ok [E)
) named tuple H1, LI FIHY

namespace (fr&2sial)

SRR AR TT . A4 25 H 2 DA dictionary (3 B, A Wiy . A3 K EVE ) a4 25
ﬁﬁf%#FEP (7€ method ) WA SR 24 25 . firss =5 IFE B b7 Ik dn A2 85, AR ARLALK.
Bi4n, PR builtins.open Ml os.open () J&FH B M i 25 A I A . A4 2 [ A Hh B
F@iﬁlﬁﬁ%%ﬁﬁl*ﬁ?ﬂﬁ%@*ﬁl@ﬁ, 5{51“@7%@&79@%& WJﬂD f%'clj random.seed () HY
itertools.islice() ‘ﬁﬁ@ﬂﬂ%\%ﬂ?, ﬁ%@iﬁﬁj\%ﬂﬂ random Ml itertools 7{‘;‘{?ﬂ7{£§{/ﬁg

namespace package (7 Z23ME{:)
—ffpackage (EAF), B HEEVEE T4 (subpackage) I— 25 %e . fir 4 25 WAL GREA B 1
Fornys, T HABAKE AR fregular package (IEHEME), HEEMEERS _init__.py
B MRS

i 44 25 [ 1 70 W SO T S 2 B B — B SE R B F. BRI 8h, B M regular
package.

W&, #52[E PEP 420 fll reference-namespace-package .
Witz Flmodule (F54H) .

nested scope (HLURE M)

REE)2 I8 M 2 2 (enclosing definition) W1 B8 AE 7. ZRHI2KE], —fH R Tﬁﬂ%nﬂ” 73— e =
EP%&E?E e EREEI2 BANE R P il S5, EREEETT, SURIE A k2
TR R . W SRR e A EVE VR I U R A . TR, s SR A A A 4
éf’ﬂ*%ﬁﬁl&%/\o nonlocal ZFFF#/MNE/E BT TR A

new-style class (#r=\JH(E])
—HEX, CRIEBAEIAN class P14 I A1) class JE#& . FEH I Python fiuA i, HUATH7
class 7 REfiT F| Python BT . ZAkIITIRE, 552 __slots__. Hliil#¥ (descriptor). J& 4 (property).
__getattribute_ (). class method (JHEIJ ) F static method ([EJRE 73).

object (1)
HARE (BUESE) KeiERMFTE (method) MATMIEER. EHRATMnew-style class (FraH
[F]) fyf# base class (FRHEE),

optimized scope (I {EALfE)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
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (£if})
—{[] Python [{jmodule (F541), & A PALE T4 (submodule) B 2 IEFIF) £/ (subpackage)., I
W e, EERA __path_ B Python B .

Syt & Eregular package (IEMIENE) Fnamespace package (fir S MEE) .

parameter (Z8)
Tr function (PRZ) B{ method & 3% F 1Y — 1M v 4% B 8% (named entity), T $500% KR BEEIE 20—
fargument (5|#f), SKAEFLLIFE N FRZM5 18, HA AR K2 e

« positional-or-keyword ({7 ELskBISET) 5B — 8T PAd 142 5 R AREI M 42 5 7] S g i
T B RS TEHBREEL, BIIPARH) foo F bar:

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

« positional-only ({EFROZE) : H5H—MH L RE4L BEOL EAR LA T | . e E S 2 8 £
WM /70, T LAMER TR E R RO B2 8, BIWUAT /Y posonlyl Hl posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]
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o keyword-only ({EFRBHSETF) : F5I0— 1 N AE AR S 3R ALy 5 | 8. e R =X 38 2 1) 3%
W A A— AT B R 5 B2 8 (var-positional parameter) B2 BAT + o0, LA DATEEAR T
ERIEREABET2H, BIWPA TR kw_onlyl K1 kw_only2:

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

« var-positional ({EREHCEAAIE) : 48U —HRELMER A gR Bt i B 5 1 3 (TEC B2 2
UL ET M2 AN . BRSO EBEHS AT E I~ AGEFRR, Bl

args:

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

o var-keyword ({ERBUEBIGET ) fEHOHRALNE S EE BT S 3 (FEC 282
E‘JE@E%%?%I%&Z%) o BHESHEERA LS EAWME E ML~ AE RN, Bilan L
B kwargs .

SYOTLASRIS | USRS T3, m] DAL ) 5 | R S TR

7 it 2 B 55 F Wargument (5]18%) B H. % W E P H7] #de % # = Moy £[F), inspect.
Parameter class, function Z#ji, DA PEP 362,

path entry (J47655H)
FEimport path (5] ABEAE) FH—BALE, WMipath based finder (FEFMREHIZAEE) G2 EHAE
PR import (A

path entry finder (4750 H =423 )
¥ sys.path_hooks H1[H— & AT REIY {2 (callable) (& HI—1{@path entry hook) By [B{EL () —F& finder ,
B HITE AT PA—{l path entry g (iAo

B A B AR TE H A B /ERY method, %%@ importlib.abc.PathEntryFinder,

path entry hook (¥&#%3iH(E])
{£ sys.path_hooks FI3&H [ —{H A FF1Y 4 {4 (callable), 5B I8 ANa[ £ — B¢ 2 (Kpath entry H
A, H el E—_Epath entry finder (PEAEIEHZAGEE) .

path based finder (3£ P& FE=3Ki2Y )
TR TUTAAE 34 22 (meta path finder) 2 —, ‘BATE—{@import path Fr 8245541

path-like object (JHPRTEH1E)
—AFTREE R RS T FHEASYEAT DA — (B R BE AR str B bytes ¥, B2 —1H
BHAVE os.PathLike W EWIW M. BIBPENY os. fspath () BB, —{f L% os.PathLike FENIY
ﬁ:ﬂlx‘/ﬁ%}jﬁé str ﬁz bytes Tﬁ%%zﬁﬂﬁf§7 M os.fsdecode () M os.fsencode () ,ﬁljﬁ'ﬂﬁﬁ
TATEAR str X bytes 455, B PEP 519 5] A

PEP
Python Enhancement Proposal (Python ¥4[F#7%¢). PEP 22— ksHEIR] o, ‘& fElE) Python - FEHE
BEER, B2 AR Python ) — 1 BT D) e sl 5% T RE MU AR /7 FIBRR . PEP JERX BB UL BRI B AT AL
PAB R ST AR T S B

PEP (WAEFEH I, 2B MIEIE AR D AR AERSE . LI o BRF LB P R0 2 S8R, PAE A
Python [k aHEIRAYFEE], 35 2e e 32 . PEP /8 2L G fea L B g ks Re B i 3
Hh.

#H2([F PEP 1,

portion (J4))
A — H b i) — AR 28 (AT RE A7 AE — 18 zip ), 35 SUAR SR RE 3 — (8 i 44 25 P &1 (namespace
package) 5 T ERK, [ PEP 420 H1 ¢ 36

positional argument ({3 ¥ 5[4%)
sE & Flargument (5135) .

provisional API (%47 API)
WAt APL 248, 1EERME R =8 [ AR AH A (backwards compatibility) R, B HHER APL.
BESR LN, REe Mg B, M DER A ERMEE, HnRAZ%.0 R3S A SR
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B 0%, WAk e B mEA AR E Y (EEaEBERENm). B ENgsmbb4s
—— A APL W4 A2 Bl R 2B B AR BRI R e, A ek .

RIS A B 4T APL, [ {5 A B Tt @ i) [ AR E) 22 | — ST (o]l o 3 g s
{8k G ] GEFR (8 A AN 2 RO AR E) ) %6

T A A v R X 5 R P R BB A, T S S R R R I ] 2 B AT P R P Bl
#=2[F) PEP 411 T it 2 408 .

provisional package (¥11£:1k)

w52 [Flprovisional API (%47 API),

Python 3000

PythOHf-X FHARERE (RACARTAIER, HREES 3 BT R AE R AR K. ) Wrl A5
[Py3k].

Pythonic (Python JEUK% Y] )

—EARA S — B, B T Python 5 fe i AN R, A B oA E = 0 AR
AECAEAREAES . B4, Python Hvi WL —FEE L, RO for A, H—MTERY (T
BT TC R A TIEIR . 72 HAbih S EE SRR A AL, B AR 24K Python (¥ A AT IHE €1 1]
— A B AR AR AR

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

2T, PR IARER . 3HA4 Python Jalks :

{for piece in food:

print (piece)

qualified name (P} #475%)

— i B R4, B BUR e — (AR Y I A B S A A E 58110 class . PR xUEL method fr)
%481, 1 PEP 3155 iy ESE. SR TEE R class TTH,  BRAE 44 S HC) (44 A A 7] -

-
>>> class C:

class D:
def meth (self) :
pass

>>> C._ _qualname

ICI

>>> C.D.__qualname_
'C.D'

>>> C.D.meth.__qualname_
'C.D.meth'

BTG RBERE, T2 RE & & (fully qualified name) 23R %A V) SE BB 4 PR BEAR , A 3EATA]
AL EM, Bl email .mime. text:

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

'email.mime.text'

reference count (1)

EHR RPN 2 R WY 2 AT 2 TR, E @R ECE (deallocated). 4
sep b2 [ oka (immortal) | [EVEA AN G 90808810 2 I, DN G N G IRIlE . 2
FHHOE F7E Python AR A AE], (HEERCPyhon AR —MHBIHITER . FEsCRaHmT ARERY
getrefcount () BRI R H—HEFEYF1 2 HEHE.

TECPython T, % I AHECR SO EVRE & ST A Fe0 5 S PEI0 B IMCRE, DA KL et ] 251
Python ARS8, 76 I AS2 17T A fr A Al

regular package (IF#1%1:)

—{EE St Mpackage (BF), HII—MEE __inic__.py R HE.
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A2 Elnamespace package (144 a5 &) o

REPL
[ read-eval-print [FI}& (read—eval-print loop) | fI4FE , = & %) X EH 24§ shell 195 —{HZ 5.

__slots__
e class [FIEAG— (B4, EHEMBUCESEOEENZSHE, PAKIERRE ) dictionary (L), 5K
Hi RO RS . MESARE R, (HE A B DOEMERL T, SR B3 A5 IR ok A — {11 e A5 e
(memory-critical) [ FI =X A e K2 B 5 G .

sequence (J341)
—A{Riterable (RIEWCHIEE), BB __getitem_ () special method (ki) , i HEEZRT| K
YRR ITTEAR, EEFET M __len_ () method 2K [a|E 7 FH KR . —LElE 5%
@Tﬁ list, str, tuple fll bytes, PV E, BESR dict WL/ _ getitem_ () Ffl _len_ (),
RE B EV3L (mapping) A2 74, HEHA K 2 M TR W hashable §, TN

% 2R HEE(E] (abstract base class) collections.abce.Sequence % | — 0 ¥ 1 S & 1/,
K’f%ﬂ:ﬁ/;\ __getitem__ () ﬂ] _len_ (), i%ij][]? count (), index (). __contains__ () ﬂ]
__reversed__ (). EEILIRFNEHRE], ATPAMEH register O PHARMEHIEIE. 2R F
ST RS, 5 R P A48 .

set comprehension (&4 HH)
— MBI, AR T ER Y ) & e, [E PSR AR set []
1%;0 results = {c for c¢ in 'abracadabra' if ¢ not in 'abc'}@@ﬁﬁﬁ]?$ set: {'r"',
'd'}. s 2(E comprehensions,

single dispatch (¥—H)E)
generic function (ZRLpRZ) MM, FEdl, FIENSRERENE 58 AE,

slice (YJ})
— P E, Bl — Bsequence (7)) M HE—EB4r. BT —BeY) i 5 YRR AT R
(subscript notation) [ ], & E4GH 2B, M2 MM E 9, Bl variable_name[1:3:5],
TERESE (P ARmERR, & s1ice Y14,

soft deprecated (iPEEI)
B EE A A APTACFA LA AR RS o, (e B RE A R B e & R 4. APL
& PASCAFRC EE G g, (HOAS Sl A i

BUEHE AR, #EEHEA TG AP R H, oA ares i
=2 PEP 387: #it:EH .

special method ($§5%k77:)
— @Y Python [ BN method, F A% F ARl T AR, BAninyk. &M method {4
T € 7E BIPEA 45 A4 WA FIIE([E]. Special method 7£ specialnames H1 4 ZE4H(EIRH .

et ofe e X
WEEME, A aEs, BMEIEEE # Python B RS EMR B0 81T, ES
FIETTREE V-6 . W 3R 400 R R sl A R 1T A BT AN ] o AH B SO P DAFE library-index
®wE,

i 2[E sys.stdlib_module_names PAMUIRITA T RE RO ok X BB AL A4 RIS 2K

statement (A=)
PR E —HEAH (suite, —FERAG [EIR]) FA—FB5. BT AE—{flexpression (FEH
X)), RS ARET (Bl i, while 5{ for) MILTELEREY —.

static type checker ([FIERIF/RAES)
R H Python FRAASE M HTIUSME TR, BREHRILEER, B TAEMMEE. HiEsEn
[E32 7= (type hints) DAJ typing FBidH .

stdlib (B X )
standard library WG5S .

strong reference ([F1Z)
£ Python [¥) C APL 1, [FIZHUZHWHNS I, W ERA %S MR g . B3
eI Py INCREF () HOEGEIZ R, [E:2 E K%M py_bDECREF () FEEIZ K.
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Py_NewRef () B3 A] Fl N ES, 3 EI2 . Ww, 7EE B2 BEEREZ b, WEEZ
[Elz 08 FEnY py pECREF () BRE, PAEHRER—H2 1.

Wt Flborrowed reference (fEFHZ ).

t-string (t =)
t-strings (tzH8)
PA € 5 T [ERT SR R SOl R E) o2, B R S SO I A 5

text encoding (3L 4i%)
Python 1)~ H J&— 1l Unicode % (i & (code point) #1741 (HiEFE U+0000 - U+10FFFF Z i) »
AT R, T S E R ST T A

ﬂ%-ﬂﬂ????ﬂﬂcﬁﬁ%ﬂ?ﬁm RRE) [#wAs ], T AE 0 TC 4T 51 850 By s - e R AR E) [ AR5
(decoding) J .

A ZTEA R ST I i ES (codecs), BEAMBHATRE [ 307 il .

text file (SCTRER)
—HREESE AT A st YFR)—1Mf file object (RERWIMF) . BH, CFAHBEE LRABAITH
111 1) 2R (byte-oriented datastream) [F)€r [ B jE Firext encoding (SCF4iAE) . SUFAEENBI T4 -
PASCFEREL (e B 'w) BEYHEZE. sys.stdin. sys.stdout VAN io.StringIo [HEH.,

it Elbinary file (HENAER), ER—HEEEFEBURE A8 1214 B 41 (bytes-like object) [AIRE
ZWit.

thread state
The information used by the CPyrhon runtime to run in an OS thread. For example, this includes the current
exception, if any, and the state of the bytecode interpreter.

Each thread state is bound to a single OS thread, but threads may have many thread states available. At most,
one of them may be attached at once.

An attached thread state is required to call most of Python’s C API, unless a function explicitly documents
otherwise. The bytecode interpreter only runs under an attached thread state.

Each thread state belongs to a single interpreter, but each interpreter may have many thread states, including
multiple for the same OS thread. Thread states from multiple interpreters may be bound to the same thread,
but only one can be atfached in that thread at any given moment.

See Thread State and the Global Interpreter Lock for more information.

token
JRAAHER /NI, B sV MR (WAEE tokenizer) [F4:. #fE. By, 7d. EE . EUTR9%
ZEHRLA token KR o

tokenize *ﬁ%ﬂﬁ%? Python E‘]%ﬂ‘{iﬁ}*ﬁ%‘%o token *ﬁ%ﬁ@g%’@ token iﬁﬂé@ﬁéﬁﬂo

triple-quoted string (= 5| 3EEIFEH)
=R S 5% () LG58 O) WMEELE R — 7R . MR e MEIEA SR ALE R 55| 58 5 5 i (T
HANEE, EERHZIER, MR EA . MR PAYE 78 405 R BEE] (unescaped)
RS SR8 S 195, i H e AN T 81 48 57 JC (continuation character) 5 i ABSZ AT, B E
7 4 25 (B =2 HR R A B A

type (%4[F])
— 1 Python {1 ZUEIE)E T B2 AHEHEL Y W B s — M 2E . — Yk 3E ]
PARIER) __class__ JBHRAFEL, BPA type (obj) K.

type alias (#[EIE4)
—HAER [, BRI E 4 — MR ERF (identifier) 5T .

HFE % # a2 ERE = (type hint) 184G . Bildn:

def remove_gray_shades (
colors: list([tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
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FIPARIGERG, BEEAT AT

Color = tuple[int, int, int]

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

2 typing Ml PEP 484, 4 IWINRERYHEIA .

type hint (BI[EIHER)
—TFfannotation ([E¥E), EFgE M8, M class 8ok — 1 o8 =X i) 22 dk o]0 A0 T 2L ED
FUEHR R IR, A28 Python [EIf), EE MBI 282 [El#k & % (static type checkers){RA
. [EJRE1# B IDE 5¢ AR A5 A4 4 (completion) Fil #f# (refactoring).

AT, class BYEFI R, ORS Wdsis i) pAUERR R, AT A typing. get_type_hints ()
RAFHL

#2[F) typing I PEP 484, 4 WINRERHEA.

universal newlines (i JIE4A75270)
— T R % SCFE L (text stream) 195, Gt DA Brg A0 1E [E SR B E)— 1710 &5 8 Unix 17 1& 6
"\n', Windows % '\r\n' FI# ) Macintosh {4 '\r'. #H2[E PEP 278 fil PEP 3116, DAK
J* bytes.splitlines () K0TS

variable annotation (%% J[FF%)
— {5k class & 1 flannotation ([EJRE).

(R 8 il class J Py, BRI SEIEIERY |

class C:
field: 'annotation'

SEWEREE R MR R ERR T (ype hin): BN, EEEEFN AT ine (B fH:

[count: int = 0

S TR A annasign B FEATROARAE.

#52(El function annotation (FFF[ERE). PEP 484 1 PEP 526, A HWINREMHA. BN ERENHE
BV, 755 2[F annotations-howto,

virtual environment ([FJ3EERES)
— i 5 APt (cooperatively isolated) (A T3, AEFE Python [ FH & FIIE R XA AL AN TR
Python #$[EVEF:, MM G [E—( R %0 F#EA TR HAD Python JfE I FE X A7 BBV E T8
H#E2E venv,

virtual machine ([FJHEREDS )
—HB5E 4 H RS T 281 B (computer). Python [[EEEHERS G AT Hibyrecode (RLTCHAMG) Sisdas
T R e AL .

walrus operator ({fF 4% 1)
A light-hearted way to refer to the assignment expression operator : = because it looks a bit like a walrus if you
turn your head.

Zen of Python (Python Z2[F])
Python %51 I BT BLAG 51 3%, HLFIZ B HA FRARFN (6 F LR o BLs 36 nT DA e B 4R
JUBEIA [import this| HHKF|E.
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APPENDIX B

BRAYIE 7 R 34

Python [FJRF] 3442 1% 38 {fi Ji] Sphinx  (— 1 J5.[E] Python 1ij A4 i SCEEEV R 28 . H B2 DA 37 B R 20 s 4
) HH F reStructured Text 5853 /4 JF Lf i s (B 11 A

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs FUIAT, [EV&AHBA R . FAMMiE BOaH ) 5 B A

B
« Fred L. Drake, Jr., J5tfi Python SC{ T HARMAIEH DA K — KIBHEZA M IER ;
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh 4G4, Sphinx { ) Alternative Python Reference -3 S 2 & .

B.1 Python X8y & Ei&E M

¥4 A8 () Python & M35 . Python 5l 2 HEAN Python (EJ] SCPEETRUE . Python B gs[Ey 1A HE
AN ERE IO, 35 Misc/ACKS

TEFAE] Python A7 14458 g B Bk A 3 7 1 (R (A (BT SO - TRl BT B IR A g AL AP !
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appeENDIX G

i E IR

C.1 &iCin

Python J2 H oy i B2 A 51 A AR R B 5T 26 (CWI, I https://www.cwi.nl) #J Guido van Rossum jA 1990
SERIBIIFEAIRE, H iR EE—FREE ABC 351 % 4% . [ Python 135 T # 2 8¢ H ALK EDR,
Guido {7313 %%

1995 4F, Guido FE#ET JE 5N 25 riHE A B Z AH 9T A 5] (CNRI, 1, https://www.cnri.reston.va.us) 454
fib ¥ Python i) TAFE, [EHEAREEEE) T 5%k il i) 22 {8 i AR

2000 4E 7. H , Guido il Python %[> B8 %% [ [ 1245 51| BeOpen.com [EJj#,57. T BeOpen PythonLabs [#[% . [F]4E
+ H , PythonLabs [# X ### %] Digital Creations, 1% i%[E] Zope Corporation, 2001 4F, Python 8% k4> €r
(PSF, . https://www.python.org/psf/) J&A7., 82— M SEEHEA Python A B 2 2 A B HE I A S A
F4H %%k . Zope Corporation <42 PSF [ —{f& i€ 8.

Jir A # Python HUAHR & BRUEHY (G BHBRYEAY & F, 2 hitps:/opensource.org) o M b, KZHIHAEA
By Python JiAS, o2 GPLAHZHY; LAR A4 G 25 A 1 22 .

BEREA BB i waE GPL #2857 (1)

09.0F 1.2 AHEMH 1991-1995 CWI s
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI = (2)
2.1 2.0+1.6.1 2001 PSF =
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.142.0.1 2001 PSF 2
2.12 2.1.1 2002 PSF s
2.1.3 2.1.2 2002 PSF 2
22 PAE 2.1.1 2001 £4- PSF 2

O #HE

(1) GPL M EIAF£RFKM2AE GPL T #[E] Python, A8 GPL, F i) Python SZHEH! 1] DAGE/R
[EME AR A RAS, (B — e ZA R 8 SR(EIBA IR . GPL A B2 REREAS Python W LASS £ HoAh
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1 GPL T [Eiicl =6 M HHERBEIRTT.

(2) H# Richard Stallman ([El%, 1.6.1 Rj GPL AR, HEHAHES —EARIRMR. A
HfE CNRI [N, Stallman f)fAiE F CNRI AT, 1.6.1 B GPL [ RAHZ L.

I RFZ HAMRE T, 7E Guido FEEFRAT Y, (EATIE LERUAS A B E B vl RE

C.2 FRFRHLHMFGXER Python BIEHIERK

Python 8% 1) BH SC {4 i 352 42 BL it Python 888 3 4 €r % #2545 — Jit (Python Software Foundation License
Version 2),

¢ Python 3.8.6 BH%f, [EAASCAF A Eaml . Ao A AR A, & A7 (dual licensed) jit PSF %
FESE — MR VA ft Zero-Clause BSD %4 o

7 Ee9E 40 Python H b i LA RS R RO FEHE . 13 SR E NS & B R Y RN — B . B S st
PRE AN e s B, s 2 B0 P98 a9 3% 4 S 5030,

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python 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 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.

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

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, 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, Licensee agrees
to be bound by the terms and conditions of this License Agreement.
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C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
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 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTA-
TION

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 #Uk(CIsR RS R 1218 B Bt
A (AR SR AL RO A BEHE ST, $H4UZAE Python SEENTA b HTlEV 45 =)y W

C.3.1 Mersenne Twister

random 4 JIE T #Y _random C # 7 & 2 & T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html §) F R EIZR LR DAT B ARG se s g i -

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

€ & A}
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LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

(R L —5)

C.3.2 Sockets

socket BLAH{# ] getaddrinfo () Fil getnameinfo () PR, BAHFE WIDE EZ (https://www.wide.ad.jp/)

(E1, AT B JE AR 58 v B A 15 -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.3 FEFE#¥ socket fRFE

test.support.asynchatiﬂ]test.support.asyncoreiﬁ%ﬂfﬂf?ﬁk1:§§ﬁﬁi

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

€ & A}
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NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

(R L —5)

C.3.4 Cookie &
http.cookies FAHAL S DA NN

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

All Rights Reserved

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

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

pertaining to distribution of the software without specific, written

prior permission.

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

C.3.5 #AfTiEL
tracei%%ﬁéﬂﬁ?@kj:égaﬁ:

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,

€ & A}
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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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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.
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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/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ed dtoa

Python/dtoa.c FEEHRME T C 1Y dtoa Fl strtod R, FIRAKE C 8N 17 B SO 58 HAHBEE) . %R 4%
B4 8 David M. Gay 2257 )[R A%, 153 BAE R AR hitps://web.archive.org/web/20220517033456/http:
/lwww.netlib.org/fp/dtoa.c T, #2009 4E 3 H 16 H FFH22 00 GRS 240 & DL MBI sy -

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

* 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. 1IN 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

4n4 OpenSSL pR = HE I VESE RS, HIl hashlib, posix, ss1 Wig & (i & REETRLEE . BLAF,
Windows I macOS fj Python 224 #5250 ] 847 OpenSSL p& =AY EIAS, A AFRA t7E Y% [F] OpenSSL
FEREMIEIAS . 352 OpenSSL 3.0 Fi AR DA Kz py I A7 4= 1) B8 3 i A= HIJ 32 - Apache #1035 v2:

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

€ & A}
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TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

i,

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
subsequently incorporated within the Work.

(BT —H)
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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

for use, reproduction, or distribution of Your modifications, or

(BT —H)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

(R L —5)

C.3.13 expat

MR IR pyexpat I TR EE] -—with-system—expat, 5HIZIEFEE H—MES expat FAAHEH I

AR

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

(BT —H)
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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

B A E _ctypes BALK T _ctypes M RFERX I E ) -—with-system-libffi, 75 HI% % & H
—fHEE libfi AR A i A 2

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

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

C.3.15 zlib

URAE R e LR EN Y 2lib A KRS PAZIOR S R 2140 058, RURZIEST & — S 2lib J5G A5
A 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,
including commercial applications, and to alter it and redistribute it

(HERET—TD
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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

(R L —5)

C.3.16 cfuhash
tracemalloc i [ #EE)Z (hash table) E{E, 2 PA cfuhash BLRE[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},%iﬂfﬁﬁﬁ decimal *ﬁ?ﬂ}%? _decimal C }E?ﬁ%’;ﬁﬁ#?ﬁfﬁ ——with-system-libmpdec,
& —MHE S libmpdec b8 I ] A4 S 7 -

4 A AL

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.
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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.

(R L —5)

C.3.18 W3C C14N B|FRE#

test FER ALY C14N 2.0 HIFLEH (Lib/test/xmltestdata/c14n-20/) 2 W3C 48u} https://www.

w3.org/TR/xml-c14n2-testcases/ #iAgE, H 2R R 3-clause BSD % #E #5(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 #ZHE:

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.

(R L —5)

C.3.22 Zstandard bindings

Zstandard bindings in Modules/_zstd and Lib/compression/zstd are based on code from the pyzstd library,

copyright Ma Lin and contributors. The pyzstd code is distributed under the 3-Clause BSD License:

Copyright (c) 2020-present, Ma Lin and contributors.
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 copyright holder 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 HOLDER 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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