Python Tutorial
() 3.9.23

Guido van Rossum
and the Python development team

7 B 09, 2025

Python Software Foundation
Email: docs@python.org






Contents

RS 3
fdi Ji] Python B 7% 5
20 [EEIEZEIL . s 5
2011 ELETDIHE L e 6
212 HEIEEN . 6
22 HBESREERUEEEE . e 6
221 JBIATEATFICHE (encoding) . . . . .. L. 6
—{BHE A Python fij 4 9
3.1 {8 Python FAERIEEMEAE T . . . . . . 9
311 #EF (Number) ... .o 9
312 FFER(SIING) . o e e e 11
303 List (ERBI) o oo 15
32 WHEEEIEEETIIRIRE e 16
WA TR R 19
4.1  LE BRI 19
42 for BRI 20
43 range () FRIN .. 20
4.4 [FIEFER break fil continue IR A else FA) . . . o o o o o o L 21
4.5 pass BIATC 22
4.6 EFRKIL (Function) . . ... L 22
47 WATREINESR . . e 24
470 FEZBIBME . o o o 24
472 BIBEFBIEC . . 25
473 ERIRZHEL . e 27
474  ATED|#I)FE (Arbitrary Argument Lists) . . . . . ... ..o e 29
475  VFES#55% (Unpacking Argument Lists) . . . . . . . .. .. ... ... ... 30
476 Lambda B . . . . 30
477  [FBSCf5E (Documentation Strings) . . . . . o v i e e 31
47.8  pRFU[EIRE (Function ANNOtAtioNS) . .« v v v v v v o e e e e e e e e 31
4.8  [HZEdh: FERAEEME (Coding Style) . . o v o oo 32
BORHEE R 33
51 HE—ETEList (HB4]) . . e 33
51.1 ¥ List fE[E) Stack (HEE)) A . . . . oo 34




5.1.2 ¥ List /EE Queue ([EF) . . . . o o o

5.1.3  List Comprehensions (EBA4AETEE) . . . . . . e
514  HRAY List Comprehensions . . . . . . . . ... e
52 del BRZS ..
5.3  Tuples FIFH] (SEQUENCES) . . . . v o v v v e e e e e e e
54 FEA(SES) . . o
5.5  FHL (Dicionary) . ... ..
5.6 [EBIEEIY © o
57 BWRATBELE (Condition) . . . . . . o e
5.8  FHIMHAMEEMEE Y LI . . .
B4l (Module)
6.1  BRATBEIAL . . . e
6.1.1  AEEALEAEEARBIT .« o o e e
6.1.2  BUHMIETEELR . . e
6.1.3 T4l Python BEZE . . . . . .
6.2 REMERLAL . . ..
6.3 dir () BRIC . . o
6.4 B (PACKAZE) . . . o v e e e e e
6.4.1  ELFHF Import * . L. e e
642  EBLEEIBIH . . .
6.43  ZHEMMEME . .
oy A VG
7.1 BHEFEREEIAEIS
7.1.1  KEARRSEER SCAS (Formatted String Literals) . . . . . . . . . Lo
7.12  FER format()method . . ... L L. L
7.13  FEIMESALTEER .
7.1.4 KA FERBIE YL
T2 FEHBEREZ
721 FEEYMER method ... L e
722  fHH gson fEEGRLER .
A Ah
8.1  FEYEEEER (Syntax BITor) . . . . . . ... e
8.2 AN (EXCEPLioN) . . . v v v e e e e e e e e e e
83  JEIHGIAN . . .
8.4  BIBEFIAM . . o o
8.5  flFgHEE (Exception Chaining) . . . . v v v v v vt e e e e e e e e
8.6 MHHIFHEIIBIZN . o e
8.7  CEFEHEINE . . . .
8.8  THERMIIEHBINE . . . . e
Class (Ei[E))
9.1  BIRATREMEII—BEEE . . e
9.2 Python {Ef1; (Scope) K425 (Namespace) . . . . . . v v v v vt i
921  MERIRAIGZZSBIIEG] . . . .
03  HIRLClasS . . . o e
9.3.1 Class definition (FHEIEFE) BBV . . . o o o o
932  Class WIE . . . o o o
933  CHBIWIME ... e
934 Method WIE « o o o v oo
9.3.5  Class MEGIEEEL . . . . . o o e,
9.4  FEEMIMED . . . .
0.5  ZRK (INheritance) . . . . . . . o v v o e e e e




951  ZEMHK . .. 79

9.6  FLEBEE . .. L 80
9.7 HFTEHH . . . . 81
9.8  [EMRES (terator) . . . . . o v e 81
0.9  [EFVESE (GEnerator) . . . . . . v v vt e e 82
9.10 [EVAESSEEIC . . L L 83

10 Python £ i 2 i i 5 85
10.1 FEZEZRGENT . . o o 85
102 #HEZBEHAFIC File Wildcards) . . . . . . o o o e 86
103 BFIBIBE .« o o 86
10.4 SR ERE I EEAR ALl L L e 86
105 FEEIE . .. 87
106 BEERFIBE . . o o o o o 87
107 HBEEETEEL .« o o 88
10.8  HHHHAEERT . . . . 88
10.9 EERHERAE . . . o 89
10000 ZEEERT © © o o 89
1001 VRS o e 89
1002 FEMERLARIEE . . . . e 90

11 Python £k oy 5K i g 55y 91
11.1 #HEAE=E (Output Formatting) . . . . . . o . o e e e 91
11.2 FEHAL (Templating) . . . . o . o o e e e e e e e e e e e e 92
11.3 il g Rt E4HE (Binary Data Record Layouts) . . . . v v v v v v v oo e e 93
11.4 Z3AT4 Multi-threading) . . . . . . . . . o e 94
115 HERE (LoZging) . . . v o e e e e e e e e e e e e 94
11.6 555 (Weak References) . . . . . . . . . . o i i i e e 95
11.7 (A List BT o o 95
11.8 ] (Decimal) FREFBIGEE. . . . . . . 96

12 [ElREE B £ 1k 99
12,1 BT o o e e e 99
122 FEMEERES . . . 99
123 JHpip GFHEME © o 100

13 BUfEnf L3 534 s fHE) ? 103
14 1 B A i A ee e S (E 1R () 105
14.1 Tab § [ B 5¢ i (Tab Completion) 1 S 7 [E) 4 (History Editing) . . . . . .. .. .. ... .. 105
142 HHEJFUEZSTER TR e 105

15 FRESHOREE [ B 107
15.1 FIRVEFRZE (Representation Error) . . . . . o . 0 . L e 110
16 FH(E] 113
16.1 BB 113
16.1.1  SEBRBETH . . . 113

16.1.2 TPHAFH Python [FIA . o oo e 113

16.1.3 HEIRREIEIAEE . . . e 114

16.1.4 FEUBEIAL . . . . . o 114

A fhiiER 115
B A5 e EIW] S 129




B.1

C.1

C3

Python SR ERVE T . .

C AvdBLBZhE
L1 R -
C2  BAFHE DAHAD SO Python AT EIMRR . . o oo o

C2.1
C22
C23
C24
C.25

7 PYTHON 3.9.23
1% PYTHON 2.0 11y

B PSE BZRESHT o o o e e
BEOPEN.COM JZHEAH] « o o o o o e i

FIHA PYTHON 1.6.1 1) CNRIFZHES AT o o e e e e e e e e
AR PYTHON 0.9.0 & 12 (1l CWISRESA) - o o o o oo o

7~ PYTHON 3.9.23

Bl i B HE G

C3.1
C32
C33
C34
C3.5
C3.6
C3.7
C3.38
C39
C.3.10
C3.11
C3.12
C3.13
C3.14
C3.15
C.3.16
C3.17
C3.18

D JRhEE Y

#51

Mersenne Twister . .
Sockets . ... ...
AE[H]25 socket A .
Cookie /&3 . . . . .
wiTEE ... ..

EIH 4 EFE () ZERO-CLAUSE BSD #24 . . . . . . . . ..

UUencode Hi UUdecode PRI . . . o o o o 0 e e e e

XML 3
test_epoll . ... ..
Select kqueue . . . .
SipHash24 . . . . ..
strtod Hi dtoa . . . .
OpenSSL . . . . ..

libmpdec . .. ...
W3C C14N Izt £

131
131
132
132
133
134
135
135
136
136
137
137
138
138
139
139
140
140
141
141
142
144
145
145
146
146
147

149

151




Python Tutorial, $[EF) 3.9.23

Python @i 7y 5. DREEIRIARRERRE S . EA WG m R R, B i B AU Ik R B
. Python BUHERYRIAFIB R AUE], SO H AR, (e RDE2 Euf AL HorE -, #5
(ETAFI-bResst e o e P R AR 5

{3158 T DA £ 1 EL 96 2 H 6 Python P14 I (hutps/www.python.ore/) BUEH5 K F-& 1T Python 13825 A1
WERRSCN, RIS AR AT, IR, T UKL ). 55 4h, Python ErABULELH T 3
% 4 HL S 2955 =7 Python 4L, PSRBT HL . DARMIONIIISCPE, A BRIIGEITA , TAEEA8 F A
B 35T L 4L

A C i C+ (MR B CRFIRREE S ), W LAMRZE S e Python B 25 [EHT 92 6 b =X S kAL (ED,
[lE, 3R] o B () R i i AR =XR(E], Python i A EE)H 458 78 FH A TET#E 5 (extension language).

E OB S T Python 557 LRSI EAME S K IRE. BT EEIZ S0, B Python H 2k 5 A2 =X Hu i i
A B ERE . EARE R, WA ERE Dy, WEE S EA B S Hog ik .

FAE T fi# Python EEWEY A FIBSALAHE A, 752 [F library-index., 7F reference-index #1, #3A] PAZ2F Python 35
FHIERMER. HH C 3 C++ FIEMPE(F (extensions) 7 # , 75 extending-index Fl c-api-index . I,
Ab, TTE _EHEEHR B IR AL) Python S

EHBSES, BRMAGEE WG, BE, WATENHSE—MFEN6E. Bunftz, FMmE LR
JBAES TR Python Hfe(EAF— SR AYARLE D RE, B T A% Python 5 MO (LBLEAR . WISCHURME, LOfFA RE
JIEIFE AN 5T Python BLAH SR, BMLFitE— B4 library-index iKY Python b AL A TEAS .

#rE k. HIH B EAT AR -

Contents 1
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CHAPTER 1

% B Rk

IRARACHAERE NS B TAF, ARt B S AR R e g B (k. BRI, (RerfirER L el RE
FHIEI I IO, B2 A (e A B i i 42 R B — TR B . O T REAR AR ST 1 B S/ N R R, —
=M GUI AR, sl—fE/NESk.

R AR — RCE R BB, (R T BRI C/C+/Java B, [EERAS- TR RS, M. B,
PEARRIRAEANS ;A A REARIEE) T — A Ry — Bt , By MR 2 ok Ayl B AR IEAE
PR —(ERE G s e, AEARED T iU DR — R s = .

1E_ R BIFH, Python IE 2R AEIIFES

W FFR AT PAE] T HE 64T 151717 %5 {# Unix shell [E14<5 3% Windows it YRS g H, {H shell (B4 it & i R B 22
s ) SCFEES, A E AR sk . R ] DAL B 1 C/C++/Java R, (HERE 2 58 AU f SRt
TR PR E R . AHIRIA S, Python ¥ 5 Ml A, [FIREFE Windows, macOS. Unix fE3 & 4% F#ifr, H
FE B H M B B RS B T A .

Python B[ 57 FH th 2l & B B AR EE S . BIRLL shell A, #Eyms 8 AR g i Bl o 2 19 3% .
B —7J51f, Python $2fitLr C M EShEMAr . FH#A C, Python {EE—(A [dEH s miEiESs ], BE
AT B R R [ e ) do B i, R EE e 2 R ) R U(E], Python 33 JHfEE) L Awk (FEEZ
Perl) BRIEMEZME L. 2/DEFZHE T, (H Python MR AR HANGE 5 2 A 511 .

Python f#F/RIEAE Y 7 2 AR AL (module) [EJj#fth " 55 78 8 /] %5 HoAth Python #2301, Python H 45 T —1{H
RREGEMERAL, B MEEMEREER MR ST B M E— B IR 25T Python FE W HifI . A 2L
AR TURE R VO, RGN . socket FUTAE, H AL T Tk 25/ T HHE (GUI toolkit) F{ /A .

Python @ B3G5, WIEIATFL Aslilisy, AELRTERI SRR 148 T I BN ] BN Ear REEE)
MO, TR REAR 7 (B BB ARG S DR B8 T e BN E AR 2. B I sl — 48 40 740 B s B 5 11
Ko BRI R,

Python i#FEFAE M) % wT. M Python BAEMAENREEAAGEILN C. C+. Java BIEIEL. BAHAT#
EIEESE

« Python /5P i) R EIREYE—BOAS (statement) SRR AR EVR A #4F
o Bl i B DA A HECED [t o 1 35 58 5
o ATEESEENG .
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Python /& *T 4% 744+ WIARAR G5 C A2, MBEIE A [EVa e U AL 2 B 2 INA S 1. Skl
T PO R A TS S8 A LU B A, B2 Python 5 E| — L DA AT E X (binary form) FEH 1Y
Fesld (BilanfeE Bt RTro A8 AU ) . AARARARE 2@ bR AS &, LTt n] DASE Python B i 45 )
N C e MR, ERE MR h ] Python 5y FE sl (EE) R IEHE S HIEH

EAE—4E, EMEES 2 A BBC [198#] (Monty Python’s Flying Circus) 44, Hil€dHse4EA EE . fEEH
SR | A ) = RS EE R R, S 2 R el S i A e

URARBUE CL A BRI, IR @ AR 1% Python SEZANEN, Wi EREGE W sUR EEMHE. HMAGE
AR R, —BER, —B KT ELIAE Python Hd B

TE N EERET e AR o] 6 1 Bt o B A PO A H AR, (Rl A B T 2R S B
Bl

PR AR BRI, M E BB 2 B4R Python FEF B R B M sE 24 (. —BIAR 2 3 00 8 5
(expression)., PR (statement) F1& R (data type); #3522 (function) EEAS4H (module); A% € —
S e O 174) E RELAN 5] S (exception) B I H 22 FE(E] (class) .

4 Chapter 1. #EiZELk



CHAPTER 2

{5 A} Python E7%&8

21 FEEER

Python B 348 —RZ4EAE /usr/local/bin/python3. 9 B§f& K ; # /usr/local/bin JI A Unix shell #jJ
RIS, WA LA T 154t PAE)E) Python:

’python3.9

AE[E)®) Python' . [HEVEL AR A7 H (LR 2o, Hohuy H B 24 WTRERY s TG RAEHLAY Python 12
Nl ZGAEPE. (fIfn: /usr/local/python JEAEARH WA RS, )

Windows F 4571, 7 Microsoft Store %% Python 1%, BUA] DA python3.9 ayd T . WIRZHE T py.exe
launcher , RIRTPAH] py 4. sHSEPHE]: setting-envvars, T f#HABEE) Python i =K.

T EH R A —1f end-of-file 7T (£ Unix _F[E] Control-D; #E Windows F[E] Control-z) €r{#if5H
wdn AR AR (ED (zero exit status) BB, QSR FIRMBOEEGRL, WATPAEIATES quit O BEBHERESR

BRI ST SN AT RS, 7648 GNU Readline UMM R S Lo HB&E. BT, $54
WoE G B A7 M 4 TSR Jr ek E): 74— Python HURAFHMA Control P, I
BIEIE, WA i R A 6 X 43 o 2 o FHE N GBI bk, D e 5
g, kB P, EAREEA ISR LR FLRERT backspace I IC.

535 S A0 PR AC 2 2 Uni shell: A0SR B WP I W S5 25— W]ty 265, & (B B sU Mol 45 4
SR M I 7 A (3 s ) sedin (0 ARRIE 3, s e e BB A A Bt

BB E S A python -¢c command [arg] ..., E&HITLE command ENRH54S (1), 17
[El4n 7 shell ff) —c 13, Python [¥J 454435 25 145 shell I 2 FFFR T, 1% B 1 515 [ 9848 command
fEA

2 Python BLZ{H F FNEIAGE—H 8. B python -m module [arg] ... A] DABIAT module B4
B IR IA S, st ) B A TR AR AL A 8 24 A8 — kR nd A7

WEPATEARR, ARG A BEEASTRRHE A BB, R TERATEARN RS MA -1,
JIT A 184 7T 1Y 2 B0 RERCAE using-on-general .
¢ Unix 1, Python 3.x FFFAHL S 4R DA python fEELITHRA BT, DABESLELBIA ) Python 2.x BUFTHI 4 FREE
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2.1.1 {HESI®

W EARR R [EA 2 A AMNY S 85, A i EE b e AL list (R%1) [EH8IRE sys WAL
argv ¥, RAPAMAT import sys BUSEMERS). SMBHHRE R/ PE—; wEABTMEA 4
SI8R;, sys.argv[0] E=FH, HEARZE '~ (F8EMERA) K, sys.argv[0] [F]'-'. ®HH -c
command W, sys.argv[0] o', AR —mmodule W, sys.argv[0] EZBALETER EERK, H
RAE —c command B —m module [)3#E TN G4 Python BRI IIE, T2 ETE sys.argv ST 4AE N
command 5% module 1§ [ .

21.2 RN

TERCH (tty) BAERUATIE S0, FRRGEZ 3R (interactive mode) WHEAT . TEEREMAH, ¥R 248+
A, PURBIAT RIS S, TPRURTEE I ZMRREE (>>>) Foi; BAHESHTR, BURRZRFH, H
soe=fHEE (.. .). EAEREGRE, ERBUREGNUE. BATUE. BOERY], REARIUR

$ python3.9

Python 3.9 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>>

ERZ AT BERE ST R SR O . BOPRE), 1502 if [Eik:

>>> the_world_is_flat = True
>>> if the_world_is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

WA B EBRAMEA, 729X

2.2 HERHEECHIEER

2.2.1 R TIREE (encoding)

Filak Python J5UATSHE S M7 TCAMABHOT UTF-8. 755 (HAHEh, (15 b 2 B0 2 19 5055 1T DA e i bt T 76
BIEA . )% (identifier) SR —— HESATEREE st M sl HLGE T ASCIL S C/EEAE 4, i3 th AR (ol
portable F2 A7 SR, WIS B EREMBUR AT 700, (SHy e o 2 i st £ ) UTF-8, [FH
T R L E S E iR

USROG TR A G, S IR R A S, AR % — TR Rk . RRA T

’# —*— coding: encoding —*- ‘

Hrr, encoding 7] PASZ Python S #Z (/& —7E codecs.
e, BEHAGEH Windows-1252 %, VRARAE 22215

’# —*— coding: cpl252 —*-— ‘

§ — AT B A — TR AMEE), TEVRAEVAUNIX “shebang” line 17 BITENE . LI , 4l Wl SRy 7ER SR A 46 —
7o Bl

6 Chapter 2. {EF Python E:£2§
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#!/usr/bin/env python3
# —*- coding: cpl252 —*-

)

22. ERRAEH

ol
i
i
N
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CHAPTER 3

—{E3FIEXHY Python 4

TE NG, S A A R ETE R A SR FE (prompt, »> Fil..): QSR STEAMEHG], (R EIESRA
HBLRREE, AT R I A A IR AT BRAR I SC747 2 BRI RO
A BT U WER TR, R BRI T W HAEZ A T3 4 A AR

EAFETWFFZEO T, MEmMEEs0mA, 785 EM. Python HiyE)# (comments) Hi hash
FIC # B EHBRATR R BT AR Tl g, SR B, B HBIET R SOR
(string literal) 2 H7. hash FICHE T Ef A Z PR E)— hash 75T, FHIEIEAR R R IEII AR =X im0 AS € 9
Python il FEARE HHIRF A ZHEA

— BB BINT :

# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."

3.1 i€ Python E{EFtE % EH
AR LT HLAY Python 4. DIV ELRAREVSFE4 BRI >>> HBL. (ERR9AA)

3.1.1 &5 (Number)

HESIFE G A EA . R DA A — 1 expression (GERE ), B& 5 HiZ 14, Expression f{5E
VARG ST+ - < A/ AT E R R 2 SRR EE T (B0 Pascal 5 C); 555 () RTRAUMI RS-
Bl :

>>> 2 + 2

4

>>> 50 - 5*6
20

(T IUakss)
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EHE—5)
>>> (50 - 5*6) / 4
5.0
>>> 8 / 5 # division always returns a floating point number
1.6

Ry (B0 2. 4. 20) [Eint ZU88, BePA/NEEROY (R1 5.0, 1.6) (Bl float k. ML
BRI BER R B 2 WP B R LR

B33 (/) i [m] f— 1] float. ﬁﬂ%%ﬁiﬂmrdivision SR BHREIR (RIRBRITA /NG ), ARAT A
(R 7/ T FHERBOTAGEA

>>> 17 / 3 # classic division returns a float

5.666666666666667

>>>

>>> 17 // 3 # floor division discards the fractional part

5

>>> 17 % 3 # the % operator returns the remainder of the division
2

>>> 5 * 3 + 2 # floored quotient * divisor + remainder

17

1 Python 1, FHEEIR (powers) A DASH ] ** j#5E !

>>> 5 ** 2 # 5 squared

25

>>> 2 ** 7 # 2 to the power of 7
128

SERAFR (=) PTA A EV S O . IR e 2 1%, 76 TSR AF VR e SRR 4528 -

>>> width = 20

>>> height = 5 * 9
>>> width * height
900

UR— RS BORYE [ £ 5% (defined) | (RPEEMCRBURNL) , Wl G & & B — A gk

>>> n # try to access an undefined variable
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined

VR ISE A e S, JEFLT (operator) i FIR AT IT (operand) IR HUE S S o K EIE) 72 26
L8

>>> 4 * 3,75 - 1
14.0

FEH B AR, SR fg— 0 B AR A SR PR IR 2 B _ . iEFRRE AL Python E s ERPH
W, TR RS L

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax

(Fgksh)

VIHE = SR8 - WEERT, —3++2 gD - (3++2) [EE45) -9, R B RSB JCIEF A3 9, 4R7T AR
(=3) **2,

10 Chapter 3. —{E3EIER A Python &4}y
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HEH L5
12.5625
>>> price + _
113.0625
>>> round(_, 2)
113.06

S (1 M e P D LRI R M E) 2 JRUAEL — 4T A 0 5706045 A I A
S T A ORI 4 AT D

%7 int il float, Python 748 T HALM AL, U5 Decimal fil Fraction. Python ZR[EIZ: 7 3E(F
#5 (complex numbers), [EVff 5 il T &8RS 2 E#pFBe (BF 3+579).

3.1.2 =r& (String)

BTy 2 4h, Python ] DA, i A A B . M A SAEREI9E (. . L) S5
SRz, W SRR RA R SO\ BRETE B 5 %

>>> 'spam eggs' # single quotes

'spam eggs'

>>> 'doesn\'t' # use \' to escape the single quote...
"doesn't"

>>> "doesn't" # ...or use double quotes instead
"doesn't"

>>> '"Yes," they said.'

'"Yes," they said.'

>>> "\"vYes, \" they said."
'"Yes, " they said.’

>>> '""Isn\'t," they said.’
'""Isn\'t," they said.'

FEHB AR BT, W TR @ s | R e ELARRAT O & SR E) (\) B, SR A R el e A i
AEREA B TR AR (GRS SR g ) , AR HIME . —BoRE, vHagi
SlaRm EA &5 985, NS sRaET . K print O GEEESFMEL, EgEREaERT]
5%, [ELH AR A R Bk E oo ARk e

>>> '""Isn\'t," they said.’

'""Isn\'t," they said.'

>>> print (""Isn\'t," they said.')

"Isn't," they said.

>>> s = 'First line.\nSecond line.' # \n means newline
>>> s # without print(), \n is included in the output
'First line.\nSecond line.'

>>> print (s) # with print (), \n produces a new line
First line.

Second line.

WERARAA R IUHT B\ s iRk T oCE, ATDARCRE I raw string, AE25— R EG [5ERTIN L « -

>>> print ('C:\some\name') # here \n means newline!
C:\some

ame

>>> print (r'C:\some\name') # note the r before the quote
C:\some\name

PRGIHARET , FPARAFRRAN \n ZERL (L) R (L) SR AR . RS SR, AR B ISR, R
ZKE] " (EbZEBKE N "), JZ IRl .

3.1. {E Python E{EstH#ER 1
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FHROCRTTDARS BT . Hoh— R M =98 . m L o WRHE T et H B
IMAZFEHRE S, BT FEERTRIIA \ RBGHE M1 TE. TU\TE’JW T
print ("""\
Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

nn ll)

gEAEAT L GERSE—EEFEEE RSB ET):

Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

FHA[ DA + 7 (concatenate), [EIf] * AT HRMEIES:

>>> # 3 times 'un', followed by 'ium'
>>> 3 * 'un' + 'ium'
'unununium’

I DA_EARARE 7 e SCA (string literal, BRES |9EA R 5H3 ) A B oK

>>> 'Py' 'thon'
'Python'’

WARARE ) Be AR R TR IRy, WIAAR 5 (B B B R R A

>>> text = ('Put several strings within parentheses
.. 'to have them joined together.')

>>> text
'Put several strings within parentheses to have them joined together.'

(EIE R RS AR AR EG) 7 AR (LR, i A A A el e o

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1
prefix 'thon'

A

SyntaxError: invalid syntax

>>> ('un' * 3) 'ium'
File "<stdin>", line 1
('un' * 3) 'ium'

A

SyntaxError: invalid syntax

UnR B A (R A e, A+

>>> prefix + 'thon'
'Python'

FERUILAYE [525] indexed ] (AR, Bl subscripted), #—fHF 7oy ZR S IMEE 0. EA B FRT UM RE; —
et — R /NE 1 e :

>>> word = 'Python'
>>> word([0] # character in position 0

Q%))

12 Chapter 3. —{E3EIER A Python &4}y
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HEH L5
L} P L}
>>> word[5] # character in position 5
] n L}

ROMET AR AR, BLRFSOSAE A B an R

>>> word[—1] # last character

lnl

>>> word[-2] # second-last character
lol

>>> word[-6]

IPI

EREHEE -0 R R 0, AMRTIMER -1 BA.
B TR, FERIRSR (D) slicing . 25| IACE R BB FI0, MHIH MR PAGRIREE] 1743 (substring):

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)
le'
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

P15 | (slice indices) A7 R A THBLE, A WGEBE RS EIRTHBIET O, 1145 W 55 M 25 (RS T 4 1 5
AR A slice

>>> word[:2] # character from the beginning to position 2 (excluded)
IPy'

>>> word[4:] # characters from position 4 (included) to the end

lon'

>>> word[-2:] # characters from the second-last (included) to the end
'OD'

HEEFREEGEWM S, MERAEAWEE. EMRT s:1] + s[i:] KEFR s:

>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

i [FIA {1 ] B0 slice /2 WA AR 2. RER slice MRBIMESR ZF oM, Hrhss— - oom 2245
B O FHE S n AR ICHY TR R — MR T CH A LB A RS ME n, Bl

fo—— b ——————————+
' P ly |l t |l h|oln|]|
e At S
0 1 2 3 4 5 6
-6 -5 -4 -3 -2 -1

BT AR 0.6 GTE: B TR T ARG, i % A sice (4 THUR i
I ST 7.

EAE ARG MEIT =, —{H slice IR BEFMILRG MEZ 22, WIRESHERKAETH B F L. fia, word [1:3]
WREER 2.

B B L 7 -

3.1. {E Python E{EstH#ER 13
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>>> word[42] # the word only has 6 characters
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
IndexError: string index out of range

NI, 7 SR L P R 5 | (LA slice Hh @ 2235 14 g AL -

>>> word[4:42]
lon'

>>> word[42:]
T

Python “FHR SEVEP U - A @ immutable, HIG, Bl *%@%%‘Hﬁﬁﬁtﬁ@i%%‘e

>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

RS B A R T HR AR ZH RS — T Y -

>>> 'J' + word[1l:]
'Jython'

>>> word[:2] + 'py'
'"Pypy’

Vg R Len O [EE-—(HFERARE:

>>> s = 'supercalifragilisticexpialidocious'
>>> len(s)
34

W%

textseq FHiiE sequence R HHI 2 —, [EIZ % BIE FH#A0E.
string-methods -5 30 4% A3 2 Tl B A EI R 1 method (J57%) .

f-strings {0 & ) FHR SUAR .

formatstrings A% str. format () FHAEAAL (string formatting) [ & 7.

old-string-formatting 7£ 5 H3 (] & J#55 THZEE TS, 828 10 T P AR UL IME, T2 MM (e AR 45
AR

14 Chapter 3. —{E3EIER A Python &4}y
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3.1.3 List (&%)

Python JR AR SSCRRE) A 2 bR E], 1 ARAR A4S ] 1 B fi
WEAETHESRZ H . List A A ARRRER TR, Hill

LI REE (F2 oK, Hitem),
feg syl plioptiink

B RS R BB list, W] AR R— 2R 51 A

HiEITE

>>> squares = [1, 4, 9, 16, 25]
>>> squares
[1, 4, 9, 16, 25]

mE R (AR HABEIE Y sequence BI[ED)

list AfPABEZR G I FITI A (slice):

>>> squares[0] # indexing returns

1

>>> squares[—1]
25

>>> squares[—3:]
[9, 16, 25]

the item

# slicing returns a new list

FI A1 B o [l (i st

B EORIICR . ]

2 S
PENSNE

FEVATIE D) A T A dist i1 BE(EIE]

>>> squares/|:]

[1, 4, 9, 16, 25]

List ¥t 7 2 Q1924 (concatenation) 254

>>> squares + [36, 49, 64, 81, 100]

[1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

AR SR S immutable | list J&mutable BUF), BIksE list fE1Z 2 AT B -
>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!

64

>>> cubes[3] = 64 # replace the wrong value

>>> cubes

[1, 8, 27, 64, 125]

PRt T DATE List e B IMA BTG, BRI append () 7 ik (method) (FRIMFHHE & F R EL HiEmEIN):
>>> cubes.append (216) # add the cube of 6

>>> cubes.append (7 ** 3) # and the cube of 7

>>> cubes

[1, 8, 27, 64, 125, 216, 343]

AT DA slice BRAH, Wesg List i RUDN, EL 22 A list:

>>> letters = ['a', 'b', 'c¢c', 'd', 'e', 'f', 'g'l

>>> letters

[Va', Vb', ’CV, ’dV, le’, lf’, lglJ

>>> # replace some values

>>> letters[2:5] = ['C', 'D', 'E']

>>> letters

[la" lbl’ ICI’ lD‘, lEl, lfl, lgl}

>>> # now remove them
>>> letters[2:5] []
>>> letters

(QEA)

3.1. {E Python E{EstH#ER
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(R —H)

[la', lb', lfl, lg']

>>> # clear the list by replacing all the elements with an empty list
>>> letters[:] = []

>>> letters

[]

[ElE ARt Len () ZRATAYE HIAE List |

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)
4

WA PARE L JE list (77 list £ 87 HiAth list) , il :

>>> a = ['a', 'b' c']
>>>n = [1, 2, 3]

>>> x = [a, n]

>>> x

[{['a', 'b', 'c'l, [1, 2, 31]
>>> x[0]

[vav, 'b', lcv]
>>> x[0][1]
b

3.2 MREXRETHIR#E

TR, AT PAR Python ARBEFLLL 2 fin 2 SEVEER TAE. BN, FATaT LAY 2 (SR i o S IH) 751 -

>>> # Fibonacci series:
. # the sum of two elements defines the next
.. a, b=20,1

>>> while a < 10:

print (a)

a, b =Db, atb

QO Ul W NP PO e

BT FIA T # 2R

o SHATHE T ZEIE: AU a B b FIRFAE] TORIE 0 B 1. FERR AT R BR{E A B 1 —
U, NI T ARSI AT BGEST (expression) G SEHHHIT (evaluate), JR{ETHHE/E. A THMEST A h 2= H K
PRt o

« while [F R EEMGEEE (WLHEG: a < 10), MG EHEHRIT. 1€ Python FiI[A C3EF, T
I A B (EE L (true); FER (false). &I LURTH . List, £ E2 R4 HE; EEERE
FERIFPANEIEL, 25050 BRENER . AR (50 FH A8 24 /2 {081 F B A LU s o At A U BG4 1 (comparison
operators) fff F1AN[F] C 555 —FRIFFSE: < (VNR). > (KIR). == (FFIR). <= UNRASER). >= (Kt
EN) AR 1= (OREEIR)

16 Chapter 3. —{E3EIER A Python &4}y
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o [EVE R 5 ArECE Python rh FELACH I EBOAR . EHBRILRE, HruaEDED
BRI tab Sk (WL 7 AR A HE. OB E, R B SO e o R R
A 2 BRI B AR e B - HE A HOAR AT B A s A AR A -
PP PAR At (PR R AT K B T R A\ ) G MO B A7) . PERTE— AL
(EVE 4 H 2k B A BT 5.

- print () WA TEKEZIE (1) W, RRREATERME RSO (BRSEMN R

HH)), B AT DARIRETRE S | B RO E A T A BN T A 198, [EHARREE M e
Az E, NI DGR S i, Bl

>>> i = 256*256
>>> print ('The value of i is', i)
The value of 1 is 65536

B 75 | 94 end WT AR ARG S B AN EATAF A B o, B3 AN ) 0 A 65 R o

>>> a, b =0, 1

>>> while a < 1000:
print (a, end=',")
a, b =Db, atb

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,

3.2. MFEXBHYERE 17
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CHAPTER 4

RNT fRR IR

B THIA N4 while, Python A TEHAREEEF o MM HIRRE, B — SR —RRi

4.1 if PR

B R BOA R 1 7. B!

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:
x = 0
.. print ('Negative changed to zero')
. elif x == 0:
. print ('Zero'")
. elif x == 1:
print ('Single')
. else:
print ('More')

More

AR, UGS AHLM elif Bk, H else EIAERRZAER. BHET elif 2 lelseif | Y
MiES, MIAGERBZ M AHE. —f 1f .. elif .. elif ... JFFW] DA AUH AR SR 5 AP iy switch oX
case %f’jiﬁc

19
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4.2 for BRiAR

& Python 1) for BUARAG B AAE C 5 Pascal Tt 5. AHEOR HREIEIR (iterate) — {45 2 #51]
(4 Pascal) , 48 T 1 3 2 SRS BRELE L AT (1 C), Python 1 for BOAKEIRALA 7 (list 5%
FH) BICR, ERE MR BTSRRI AR . Gl (REER)

>>> # Measure some strings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print(w, len(w))
cat 3
window 6
defenestrate 12

FEEREE ARG ZE A MER, REEIREAR. R EBNEAr, RERZEANRE
N e VA (RIS E

# Strategy: Iterate over a copy
for user, status in users.copy () .items{():
if status == 'inactive':
del users[user]

# Strategy: Create a new collection
active_users = {}
for user, status in users.items() :
if status == 'active':
active_users[user] = status

4.3 range () HER

WARRFRZER—E I W5, BHEE range O AR B0 AR5 228051 :

>>> for i1 in range(5):
print (1)

S w N e o

HE MG R AEGEA G B BAE A U F S s range (10) AR 10 (A8, BISHEAEC—M R EE 10 )
J?ﬁ'l*)ﬂillﬁﬁﬂ@f%%[ﬁo AT DAGE range fE HAMBUE PAMARI L, SEHEARNAZE (HEFE; HE
B F] step) :

>>> list (range (5, 10))
[5, 6, 7, 8, 9]

>>> list (range (0, 10, 3))
[0, 3, 6, 9]

>>> list (range (=10, -100, -30))
[-10, -40, -70]

20 Chapter 4. FANT iRz EH
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MER T I RT ME, R LASELE range O Ml len () AIF:

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):

print (i, afli])

Mary

had

a

little
lamb

s w N e o e

SR, TEZBIEE, i enumerate () AMHEE T, #EREIEET.
AR B B — 1 range HI &t B AT A0 -

>>> range (10)
range (0, 10)

TERZEET, h range () RIERYERBGGR W list (851) —kk, HEEREE . ER—H1E
EVREF REEI I By 2R 9 BT T H B, (B S IR S 7 AR list, DARiIA 25

AR R Eirerable (WTECHIR), 7 EVREFEE)RR s R GURE sl A— B BEBUR H H B GR I3 4. 3
TEAE T for PR TRl MILHIZHRE, 75— E ] iterable YRR A BIZ sum () :

>>> sum(range (4)) #0+ 1+ 2 + 3
6

B ml PAE 2 9 £ 0] {# iterable FIf# ] iterable [F)5 [# ko, FE T HH ST, RMEH5mEL R
list () AOZHM.

4.4 FB[F8Y) break 1 continue fIRKX K else F4)

break PR, M CHEF, #ILASEMNEER for B while [FIR.

)R BRIA X AT AN A — il else F41). H (IR HI S A 1Y iterable  (YE for W) Bif&{FER (#8 while 1)
, A G T (AEIE Y break PIARK LRI GHAT. IKHF B #00 EIRE R8T 5E #1T
F:

>>> for n in range (2, 10):
for x in range (2, n):

if n % x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number
equals 2 * 4
equals 3 * 3

O 0 ~J Oy U W N ¢ ¢« o o o o« o =

4.4. P B[ break 1 continue AKX K else F4 21
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(B, ERIEMMESE. WA else THEN for MR, EHEif pudX.)

H else TAIHAEIREIKE, FHE AR 1£ BOASMAH, ErfrEE try BRI else A HEEIALL:
try BRI else FAYFEEAG B84 Bl 5 (exception) BEELTT, WEIREK) else FAJFEEG (LA break #/EKE
HiT. ELHM try BURTBISMNYNEGE, WERs2e o)k,

continue PEIRR, JRRER CEEE, #rE BRI TREENS:

>>> for num in range (2, 10):

if num % 2 == 0:
print ("Found an even number", num)
continue

print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

4.5 pass BRiRz

pass BIARRPATLMEINE. B0 LA LT 2 — R B AR N & 2T A T B VR A . Bilan -

>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

T8 &8 N ST fE B class (JEH[ED) -

>>> class MyEmptyClass:
pass

pass IR A]FEE— {8 s A F ) 8 L R T R A, TR PRI R BT R s IRy ST AR PR e S I R i S A R R
pass B EILHANE:

>>> def initlog(*args):
pass # Remember to implement this!

4.6 FFHEFH (function)

FRAM T DA S — (0 o A A 2 U B A — 1

>>> def fib(n): # write Fibonacci series up to n
"""pPrint a Fibonacci series up to n."""
a, b=20, 1
while a < n:
print (a, end="' ")

(Rt

22 Chapter 4. FAT RHIZIEHI
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(R —H)

a, b ="Db, atb
print ()

>>> # Now call the function we just defined:
. £ib(2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597

WIS det MMR—MRAIE &, B2 BUFEE SRR 14 ARG Ti— 28, 8 T,
AT A R DA 2 R bR )

{1 R A 5 — M BRI 2 AT DA — (S H SOAR s 3 SN % ek X EIRH SC 2R, BY docstring . (1
JA docstring B Al Hisg 22 RIEIPA S5 % (Documentation Strings) Bk % . ) 446 T ELA] PAH ] docstring 3 [ & [F]
AF) 1B T2 B SO, SR R DAL 1y 3P S A A (B SO o AE SRR P A docstring 2 i 4
TG, R GE R B .

PR BT IR B 8L — (B 4F 5% 2% (symbol table) 2fit 17 3% b 2B 1L 4sk 5 B (local variable). SERSHEMLE, FiT
A 7 R 2B 5 OB (B AT S FE R (AP — (R BT R . ORI, B — S vy, & et B Ar e R B
e, HRESME ek AT 8 , FORE 4755 3% (global symbol table), & 1 A7 [E1 2194 % .
B, FERRSH, A MO S R U AR AT ARG |, (AR (e (BRIE il oA global
B P POESR, SONE R nonlocal BUAKXPHIER) .

1R R APIPIAYIRE, BEREAM S (5180 G0 = BRAF5ER. ik, 518EART
AEWEEF ) (call by value) (FEE/ELRMEGE & —HYIFHE 518 (reference), TR RZWIFIIE) . —1H
B P U (E) i e X G T L & | R, R I i e s — IR 1 Bl A 58 %

BRAUE SR, SRR AR A R ETAFIER . AN A A, Eeass B
F %€ B3\ (user-defined function). % f{E 1] AR E AR EIAY S8 A% , (0 R%5  th m] DARIERE AR s T o B2
PNOER e

>>> fib

<function fib at 10042ed0>
>>> f = fib

>>> £(100)

0112 358 13 21 34 55 89

IR AR B ERRE S, RATREARIA R £1b 2fEKX, M2 MFT (procedure), HEIEEIES b, #EF
F, B e sk — 8 return BOAS, EIRA M E R RIEE. EEERFE None (E2—MER
FRE) o TEH SR BN None 1, MWW AEHHUR. MR A print () REFE:

>>> fib (0)
>>> print (£ib(0))
None

TSR By o 2 R S List AR IR, BHRAS:

>>> def fib2 (n): # return Fibonaccli series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b=20, 1
while a < n:
result.append(a) # see below
a, b ="Db, atb
return result

(FIaksE)

VPR, A3ke] (call by object reference) [)[EE T REHZEING U)o [RIE], A ERRAZ— WIS CFIRE, BN AT Y
P PR (BladE A list DR HEH ) .

4.6. EEHAR (function) 23
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(R —H)

>>> f£100 = f£ib2 (100) # call it
>>> £100 # write the result
(¢, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

BRG] BN 2B Python F5::

o return B G ok X n . M return ANAMN—8 &R X AREE S | ek & o] 4
None. —{f &=\ AT3 45 - ol & None.

« result.append (a) BIAIEIY T list #) result [ method (7 i%). method [E] [J& it | —{H%)
R pR R, A BHIE obj .methodname, HH obg ERELEY: (ARAIEl—i#5H ), i methodname
[El3#% method 4485, [ElfH Y BERTESR. AHAHEE AR A method, A[R Z4[EY) method
T DABEA —HE 4 RE I AN €3 Python JBIG . (FRVI AR class (BHE]) #3H ORI HBUEIR method
W.Class (#2[E]) ) #BlHH append () method & FEFE list #FH s B E7ERZ list (A SINA— 1 H i 7T
. BGIFRR result = result + [a], (HEHRE.

4.7 FANTHREXER
5 5B 2R 0 1 7 | Cargument) B R PTG . A6 = RAT DAL BP0

4.7.1 HESI8E
[E}—f s 2 (5 | i T SE R A . saCHar AR, T DA Be e SRR S /DR 5 [ el s ek =X il

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)

if ok in ('y', 'ye', 'yes'):
return True
if ok in ('n', 'no', 'nop', 'nope'):

return False
retries = retries - 1
if retries < 0:

raise ValueError ('invalid user response')
print (reminder)

% ek 2R DA DA #8688y gy -
o H#WATT 8. ask_ok ('Do you really want to quit?')
o T —HEEET |8 ask_ok ('OK to overwrite the file?', 2)

o # T BT A 5| #: ask_ok ('OK to overwrite the file?', 2, 'Come on, only yes or
no!'")

BEBIR A T BT in, FIEIBUR S 1 A & R E
HRMEAERAUEFRE T, A &R e RE I ORE, BreA:

i=2>5

def f(arg=i):
print (arg)

(F ks
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FEH LR

A A 5.

B TS ORI ETSEE T Yk, Flan list, dictionary (Ft) s(FFZBEE IR, GE
AERRIBIST R BIan, DATR R U R AP I IR 6 2R K8 LR 5 |

def f(a, L=[]):
L.append(a)
return L

print (£(1))
print (£(2))
print (£(3))

A Er i

[11]
(1, 2]
1, 2, 31

URAAEAEAR AP 2 B3 TR AL, MDA s g e X

def f (a, L=None):
if L is None:
L =11
L.append(a)
return L

4.7.2 RBF5IH
BRI DA AT 148 7] 3, DA kwarg=value HFESUFM] . SOKE, DAT

def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):

print ("-— This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)

print ("-- It's", state, "!")

Bz ¥ (voltage) FI = REEMES ¥ (state, action, Fl type). AR FIUE—F =
Eny :

parrot (1000)

parrot (voltage=1000)

parrot (voltage=1000000, action='VOOOOOM")

parrot (action="'VOOOOOM', wvoltage=1000000)

parrot ('a million', 'bereft of life', 'jump')

parrot ('a thousand', state='pushing up the daisies')

positional argument
keyword argument
keyword arguments
keyword arguments
positional arguments
positional, 1 keyword

IR R RS
MW N R e

(HDATT b 75 R e

parrot () # required argument missing
parrot (voltage=5.0, 'dead") # non-keyword argument after a keyword argument

(R akzn)

4.7. RANTHREXTH 25
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(R —H)

parrot (110, voltage=220) # duplicate value for the same argument
parrot (actor="John Cleese') # unknown keyword argument

BRI CRF I IEE B 9 75 | B (keyword argument) WA ZHAE (3 #5 | B (positional argument) #Z 1l FT A {40 1) B 4 5
5 R VT T R A Z 5 (actor AJ2 parrot MENIARG I, MBS 5 | B )7 E)
REE, WHHAEARFELES #, (parrot (voltage=1000) WAHR). —H51HAR W LY, Tt
p o (SR ANSS TR G

>>> def function(a):
pass

>>> function (0, a=0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'

TR — M 2H(E **name B, B dictionary (i, #£F typesmapping) , #% 7ML A ]
HIEE A S HOAIMUBE 5 ¥, **name A[PABL *name 28 (F—/MIiN#) AlA&MH, *name Hil—
ffmuple, #% tuple £ 55— HWUASMOLLET B (*name W/EHBIFE **name BiH) . B0, HRIMEFRSH
frpR

def cheeseshop(kind, *arguments, **keywords):
print ("-- Do you have any", kind, "?")
print ("-— I'm sorry, we're all out of", kind)
for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

BT AR AR e -

cheeseshop ("Limburger", "It's very runny, sir.",
"It's really very, VERY runny, sir.",
shopkeeper="Michael Palin",
client="John Cleese",
sketch="Cheese Shop Sketch")

AR

—-— Do you have any Limburger ?

-— I'm sorry, we're all out of Limburger
It's very runny, sir.

It's really very, VERY runny, sir.
shopkeeper : Michael Palin

client : John Cleese

sketch : Cheese Shop Sketch

VERL, BRSO R B o IR e (R ME 5 — 2
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4.7.3 BHEE

FETERAGE], 5 BRE DA 5 W R DA B S - (330R 45 Python bR, (B) 7RI T IE B RE , RS | Sy o
%E% AR, W, FEERTERERAUER, WWHEESHEREVE, HESHET, 2L
SR

PR UE T REANA T HkaX:

def f(posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

| Positional or keyword
| - Keyword only
—-— Positional only

/R * ERIRER . S SRR, RS e R4S R U 2 R (IR (T
TERRBASE . B %%Q%Iﬂifhﬁ. ¥ff 4% 2 8 (named parameters).,

(B R =5| 8 (Positional-or-Keyword Arguments)

AR FCEFRPORBN /A < R, 5T A (o7 ] R A R

{EPR{I = 28 (Positional-Only Parameters)
BRE PR RER— LA, R 2T DM EE R B . S HEERE B, EMWEPREZ, HiEks

WUNBE I B A0 . (ERALE S B I / (RHE)) 2. / FHRTE#RE o R AL S 2 U R 2
#e eREsUEFTES /, WFORDEEMERAES .

/ PRI B2 BT DAJRAE F 2 M 42 5 o2 TR B 4 - 200
#EFRRI#E35| 81 (Keyword-Only Arguments)

FHE S WAERRUENE IR M 485, RIS B /H DA 75 [ 00, WA ZR7E S | B8RP B — (AR TR M 42 5 2 W
W+

R E B
A VAN ek A S, YRR /M * TR

>>> def standard_arg(arg):
print (arg)

>>> def pos_only_arg(arg, /):
print (arg)

>>> def kwd_only_arg(*, arg):
print (arg)

>>> def combined_example (pos_only, /, standard, *, kwd_only):
print (pos_only, standard, kwd_only)

ﬁ Ig P E S standard_arg @RMEABNE, BPn X EFTATRR G, o7 AT o B -
&5
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>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

% MM pos_only_arg [E=UEFTAH /., HILEERMS A ESH:

>>> pos_only_arg (1)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: pos_only_arg() got some positional-only arguments passed as keyword.
—arguments: 'arg'

F=fH PR3 kwd_only_args WK EFETEIR * FU IR #7515

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg(arg=3)
3

AR (A R AR — (R e s, B T Al = e 755X

>>> combined_example (1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () takes 2 positional arguments but 3 were given

>>> combined_example (1, 2, kwd_only=3)
12 3

>>> combined_example (1, standard=2, kwd_only=3)
123

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

B, WEEMEAERE, W **kwds 4 name EHEL, WHEILEET]# name E/EDER:

def foo(name, **kwds):
return 'name' in kwds

W2 R AR AT BRI True, WEBIET 'name' jKig @il —MS 8. Hln:

>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>
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B/ (EERROCES M) &, $RTAT . BUERE AUFF name WAEGIESG B, 10 'name " thn] DA% {1 B 4
el GRibE X

def foo(name, /, **kwds):

return 'name' in kwds
>>> foo(l, **{'name': 2})
True

[EVIRRE], (ERRALE S B A R ATE **kwds A, MIAEILEBEE.

[E1EA
A ) D R 8 2 O mT DA 7 R 5

def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

[EJH -

o WURONARGERE A 2 MR, RS . S WA R T R, AR S
PR I B HES B, s IR ) o7 B S ORI R B R vy, S ey s U T

s WL AT, DR LR e UE R ) BRSO AR A B 35 O S | B I I )
REEIRE, AT R B 7

o HRIE AR (APD, (EREERRALE, AR 1R RS B4 RS o IRr 3 i APT 1) rh B 58 o
4.7.4 EE5|81%53 (Arbitrary Argument Lists)

wfg, A EECNE A rRE, 280E R e re, rToAM TSR G 8. S5 | e e —
tuple 1 (FE WL Tuples #2557\ (Sequences)) . FER] 38R 5 | #2 w, W REA 0 ok 2 H5E5 | #:

def write_multiple_items (file, separator, *args):
file.write (separator.join(args))

variadic ZHUN T RIEML B R BHI A RIRSE, Wik, EMEEEESIRIKE. *args BSRHHE
e ASHCARER R RTS8, MR XY S, AR ES A

>>> def concat (*args, sep="/"):
return sep.join (args)

>>> concat ("earth", "mars", "venus")

'earth/mars/venus"'
>>> concat ("earth", "mars", "venus", sep=".")

'earth.mars.venus'
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4.7.5 FiES|81FIFR (Unpacking Argument Lists)

B M D AEAAAE— W List 5 tuple [F, (HIE) 738 2 — 18 5 SR B S | oy ek Xp i, i 5 0R A e s, 15
?Jtlﬁuﬁ%*ﬁ}io Wuﬁn’ @E{J range () g‘ﬁ%;}zﬁj\sﬂﬂg start aﬂj SIOP é’l&o ﬂn%gggliﬁx%ﬁsﬂﬂga EU%
TERFI eI, )+ TS | M list 5 tuple FPfpfh i 2fe:

>>> list (range (3, 6)) # normal call with separate arguments

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a 1list
[3, 4, 5]

[ Bk, dictionary (F-3it) WTRAM * 5T R R 3 75 |

>>> def parrot (voltage, state='a stiff', action='voom'):

print ("-— This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ")
print ("E's", state, "!")
>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}

>>> parrot (**d)
—— This parrot wouldn't VOOM if you put four million volts through it. E's bleedin'.
—demised !

4.7.6 Lambda i EHX

lambda 87 RS/ EA K. lambda a, b: a+b p&xR B RIET I E 1. Lambda pg AT
FATA T B B PR Ty . AERfRE b, EMgE HaeR MR, s, et im0
FMIFEIAHE (syntactic sugar). SLEGIRpRAESE—HE, lambda p& X n] DATEAL S & IR I 5 | 1 42

>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)
>>> £ (0)

42

>>> £ (1)

43

T 57 Tambda B RME T —{E & 53 A AR R — /N R A |

>>> pairs = [(1, 'one'), (2, 'two'), (3, 'three'), (4, 'four')]
>>> pairs.sort (key=lambda pair: pair[1l])

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]
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4.7.7 A {45 & (Documentation Strings)

PATF 72 B A R SBR[ A R i

AT e — BB R A B i R . [EVRAERETTR, AN MEAE S [E W] b Bl 4y 178 174 24 A i 4 [,
ﬁﬁﬁﬁ?ﬁﬂ%%@ﬁﬁﬁ H (Brdkazs MR e — ik sl SR BE ) . & A7 AR FREBREH,
W\/ﬂgﬁﬂ\n%o

SCAFFEREIZATIRE, 8 T ATREEIZ 47, (ERLSE L S A 4y B o AR AT P L — B B
R BE PR EI G RIS

Python FiI#frs (parser) /N [k Python AT A A HE, B, MEIREIN] OO TR REYE Lo BERF S BR A HE
T BREEE A TG AEFH A7 5 — 2 AT EE TR ER Scr i Al CRRETISH
—ArEr A, PR o B A Y B RS | BEARE , AR HRE T A SO BRI, S81%, BrA A AT B
PRSI [0 W=ATorgekik. NELBH RgNERE AR TRy, HEREMLBT, &
SEATRY AT S U R . RRH tab BEIR (EHEEZEHE), B EA 7o RS EE.

TN AT EI R A — i A 151 -

>>> def my_function():
"""Do nothing, but document it.

No, really, it doesn't do anything.
mrrn
pass

>>> print (my_function. doc )
Do nothing, but document it.

No, really, it doesn't do anything.

4.7.8 FH3[[)38 (Function Annotations)

@Eﬁ*%z’?‘z;%?%ﬁﬂ’]fnﬁﬂ (metadata) ¥R, A 67 € Fepk N il Y ZRE) CEZ Eifls i PEP 3107
Fil PEP 484)

[EJ#%£ DA dictionary (F8t) HEFHCERATY __annotations BT, HAG AR MM HALT
4. SHERENE R URES ML —AE 58, B IR RN E — S PR AR ER . mEERY
EF T FRTES MY FA de £ BUAKX SR E SE P, M —> SCFE —MEsA. AFRAIERT—
225 e — SRS |, DA K Jnl (L :

>>> def f(ham: str, eggs: str = 'eggs') -> str:
print ("Annotations:", f._ _annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f ('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs

'spam and eggs'
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4.8

fRZ=dh: #2365 A& (Coding Style)

BRI 2R 4= . HIEIMERY Python A5, JZWFR T — T % 451k AT o REUGH A AEA RS
EE (SUERHEE, s Xte), a2k I S BT . e NS R ) P RS A i
e, T 48 R A TR U A AR E B

#Hj Python, KL M) HEHENE PEP 8 kTR EHE TR A H UM 3 T LB OEIH o 434 Python
PR AL R R B EE R O

H 4 g e, ANEUH ab .

4 i %3 J‘%m/]\*fﬁﬁlﬁ (RHERPEEGEE) MRk (5 ) Z BT E %, Tab #erid SUREL,
i FEI

o BT, P47 79 5.

ﬁ‘ﬁ‘%%ﬁﬂ% /NEURAS IO O (EES, T DATEROR R a5 L [ETHEBR S 2 (i R X i 5

o Mt bEmR A class (KHE), K ek R B A R a0
. ﬁn%TU\, BV T

S HER R

o SEEFHIE . EREEIMSK, EAREEERERREN: a = £(1, 2) + g(3, 4).
o Class FlIpR 2 BB 3G %186, 144 class il UpperCamelCase (BplgUK/NegT), finsd szt

B method J§ lowercase_with_underscores (/NEMJEE) . ki self EFE] method 45—{# 5]
B4k (B class Fil method, #EH.47 A, class) .

ARG E TR BRI, ANE AL A . Python Tk UTE-8 mi b 2511 ASCIL,
AT PABE A RE S

o [ABEHE, FORIFRR S B & E R AR RS i AT RO HLA, 3N A iy 4 IRf B 4 ASCIT <778

32
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CHAPTER B

RS

A B SR AR N SR E AR R SR P AN L, (L EUI A — SRR [ e i ik -«

51 E—LTHE List (R31)

List (H351) EHgkAee, RAEZHAENTE. THiEs) 1A B list #1741 method:
list.append (x)
AF— MR R E N E] list iR oo S¥[FIR allen(a) ] = [x],

list .extend (iterable)

4 iterable (AJ[EIFCHIE) 453 list fo . %RA allen(a):] = iterable,
list.insert (i, x)

B H A E list A EIINIE . B 5| BENE AR R TR RSIME, Bl a.insert (0, x)
ErAfATE list 5\, M a.insert (len(a), x) HIFHER a.append (x) .,

list.remove (Xx)

(IR list WS — B0 x IIC K. 2 list P TR HI &% valueError,

list .pop([i])
TR list e MBI EE , EREe. GUREGHEME, a.pop () MEHE list figzngHH [EH]
. (i FHEpTERAREES RN, EAREIREZEZ TR AT R, RS awEE
& Python 2 15 h & LB (2R 1%)

list.clear ()
[EJg list HrAEE . B%AR del al:].

list.index (x[, start[, end] ])

(]9 List PP — MRS I8 x AT H 2 85 1E (R BRI RG] 47 list kI H |, JIEH valueError

R o

519 start F1 end )52 FEERAE slice FrnikipMlla], S AYBIVEROE MR 5 [ BIRETE list HRFE R T 751 .
HEEERE, EARG MESE st Y BREEBRIASE, A start BRIASE .
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list.count (x)

[m] {8 x £ list WP AT HS B A VR S

list.sort (* key=None, reverse=False)

6 list PROTEEHET . (RIS ORI TR EML i HET, #52% sorted () #AMHIHRE)

list.reverse ()

i list A IE H AR )Y S A

list.copy ()
Iu] {2 BEEIE] (shallow copy) ) list. [ al:].

PATR & — {6 B 7 2 list Y07 iR 1

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana']
>>> fruits.count ('apple')

2

>>> fruits.count ('tangerine')

0

>>> fruits.index('banana')

3

>>> fruits.index ('banana', 4) # Find next banana starting a position 4

6

>>> fruits.reverse ()

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange', 'grape']
>>> fruits.sort ()

>>> fruits

["apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop ()

'pear’

PRAl eyt s — L ik, B2 insert. remove W EH & sort, [FIEAGEIH aIEM, FEr L, MM ETE
WAl None'. g2l A it Python H TG AT &8 RHAS RER RERTER .

TIAMRTTRER G EEBL, A2 BT ERER AT DA HE P B L. BlAN, [None, 'hello', 101 @AW HER,
PRI (EV SO i B LU, T None AN RRERHAL RUFI LG . A7 Lo U [FURRA S B 4 2645 2 P A/ IR
B, 3+43 < 5+73 e — RN LI

5.1.1 §% List {g[I) Stack (¥[L]) {EFH

List F{) 45455 3 (A A 1 20T AT AREOAF: stack (ME[E]) . Stack [Fl-— sy e AT R SRSl (1%
S, last-in, first-out”) KL ROEHE #E. ARTAME 77k append O — 858 H R HEER TE)E . 110
M pop () HARK R T MEZBUSHEER R . S0 -

>>> stack = [3, 4, 5]
>>> stack.append(6)
>>> stack.append(7)
>>> stack

[3, 4, 5, 6, 7]

>>> stack.pop()

5

>>> stack

(Fotgkss)

" AR AT AR S AR 1, FEEALRT method fESEE, T d->insert ("a") —>remove ("b") —>sort () ;.
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(R —H)

[3, 4, 5, 6]
>>> stack.pop ()

>>> stack.pop ()

>>> stack
[3, 4]

5.1.2 4% List {E[E] Queue ([E)%)) {8

AT AT DA list FAF queve ([E151) i, BEMiSeMATCREBSEHIRE (Seiset, “first-in, first-out”) f)¥
RHEEHE. ORI, list R R 7 R R 2E . ] append Fil pop AMMAFIH R simft) yo e, i i
J insert Ml pop SAAHAFBL BT TCREANG (HEHACRAFH LS —45) .

R ELF A queue, FHEN] collections.deque, HPEmeHHMAE PN (L Mish AR . B4

>>> from collections import deque

>>> queue = deque (["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves
'Eric’

>>> queue.popleft () # The second to arrive now leaves
'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

5.1.3 List Comprehensions (34 EH)

List comprehension (EfF A5 AIE 5 ) FRAR AT DA 38R 1) J Y A 222 listo 5 BRI IR T 2 B I — 11 7 51 B iterable
(PTEMRAE) , WA T 3R A T S 1 5 SR e e SRR E B vy list, B2 A — M )91, HoAg— 1
TOE B (R E AT o

ROIAE], Bt s M B AE M [P list]:

>>> squares = []
>>> for x in range (10):
squares.append (x**2)

>>> squares
[o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

HRE A (SES) M <, HAEFRERERAAE. TS REA: T )7 351 A 1 AT
i side effects (FIEM ) :

squares = list (map(lambda x: x**2, range(10)))

i S AR SF A -

squares = [x**2 for x in range (10)]

e AR ST
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— i list comprehension [ALE, s2fF—¥ 73556, A —1# expression (GEER ). —ff for T/h). FiEE
T LM for ok if TA]. RGBT list, [EFREREN for A1 if AT, ¥aimiEs
HORMER&E 5. B, 5Z1# list comprehension & T WifHl list H4k M AHEI 7C 2

>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

T E LA R

>>> combs = []
>>> for x in [1,2,3]:
for y in [3,1,4]:
if x != y:
combs.append ((x, V))
>>> combs
[, 3y, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

VERE for A1 i £ 7E5E W BARA BN IE T 2 AH A Y .
2R expression Jg—fli tuple (BIAN_EWGITHE (x, v)), EAEMERHR:

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs(x) for x in vec]
(4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]
['"banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range (6)]
[0, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error 1is raised
>>> [x, x**2 for x in range (6)]

File "<stdin>", line 1, in <module>

[x, x**2 for x in range(6)]

SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,61, [7,8,9]1]
>>> [num for elem in vec for num in elem]
[1, 2, 3, 4, 5, 6, 7, 8, 9]

List comprehensions A] PA2; 5 [EI3 (1) expression FIELAR AR, :

>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416"', '3.14159']
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5.1.4 E}XfY List Comprehensions

1 list comprehesion HBHIE[Y expression 7] DA fF/a[ LY expression, 345 -2 —1 list comprehension.
FIEPA R Fom 3x4 JHEEAHG], T Lst (275 3 {2 E(E 4 1 List -

>>> matrix = [
(1, 2, 3, 41,
[5, 6, 7, 81,
[9, 10, 11, 121,
]

PATF#) list comprehesion €5 iR [ () 47 B3] 1 i 1«

>>> [[row[i] for row in matrix] for i in range(4)]
(L, s, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

ARF A L 2R, HELIRIY list comprehension G KRR £or FREEPORME, FroAE MBI TRt :

>>> transposed = []
>>> for i in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
(1, 5, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

111 & AE — B ) -

>>> transposed = []
>>> for i in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row[i])
transposed.append (transposed_row)

>>> transposed
tts, s, 91, (2, e, 101, (3, 7, 111, [4, 8, 12]]

TEBEE I b, oA ) i i [E e X (built-in functions) 1A 2 [E A ) i e i A . FEsg A 17,
i zip O A GIEFARR:

>>> list (zip(*matrix))
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

BN B Z M, 2% %8 & (Unpacking Argument Lists)
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5.2 del FAX

BT AFE B R G A (AR EI R list HPigIEE . del PR . &M pop () method o] —fH{H A ,
del Bﬁ%&kit)ﬁfu\ﬂﬂﬁﬁﬁ? list F A Bl 1 2 B st (A2 Tl el R — 8 2= 1 list A5 A0 [EDRR A1) J B e
SERGEFER) . Bl

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del al[0]
>>> a

[1, 66.25, 333, 333, 1234.5]
>>> del a[2:4]

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

[]

del tA] DA A5 2 1 5 8 -

>>> del a

Elg2 %, ¥ a M2 B aEmsss (2078 —ME XWIRIREIC 2 0) « A% 1EF 2 2 B
del fHAt

5.3 Tuples F1/F%1 (Sequences)

A 2] list 17 Hs (string) A 7 ZILFMFRAE, B2R5#4E (indexing) AR A ##4E (slicing) . b {52 771
EORBI AW E G T (F52 % typesseq) o [ Python Je B FFAEERE NGRS, AR AR & A HALK ¥
FUERHERIINA . BEE AR T —[EE S ORI muple.

— 1 tuple J& o E{ECHS f S BE IS R AL, 10

>>> t = 12345, 54321, 'hello!'
>>> t[0]

12345

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:

.u=+%tt, (1, 2, 3, 4, 5)
>>>
((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:

. t[0] = 88888
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

.vo= ([, 2, 31, [3, 2, 11)
>>> v
(rx, 2, 31, 3, 2, 1])

WMFEFAMERNE, P wple S02 ARG E, QIR tuple A RERIEAERY ELE (interpret); A" AT A
e AR SR A B M A A, SRR SR B R R A By (B A tuple 2 —{RCR
SE T84 ) o FRIRR VA wple P EEIEH AT, R DAL A T8 (B Tist) 1
tuple ,
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#ESR tuple A1 list B AAR AL, (HR A0 3 FAE A A 0 RS E AR TR H 9 . tuple Zimmutable (A5
WA EE TR, BTk F# (unpacking) (FE52% A% E) &5 (indexing) AAFHL (Bi& 7
f#H namedtuples [FRpEHE H B 1 (attribute) HAFHL) o List @mutable (P]581Y) , HIooZil % 2R H
AT A [EFC R List ZRAFHL

— AR EI R, BRI S 0 fHs | EBEH Y wple: vk b @ EMN—LLar i L. 2509 tuple

FEh— B IR SRAAIE A — I H Y tple K& h— RN E—LZ R AR (ST — I —rEE
ERALR). B, HEARCE. fin:

>>> empty = ()

>>> singleton = 'hello', # <-— note trailing comma
>>> len (empty)

0

>>> len(singleton)

1

>>> singleton

('"hello',)

BoAs t = 12345, 54321, 'hello!' #ti2—{H tuple packing (il T-: 12345, 54321 fl 'hello!' —
B tuple (F. Sz pp 4 AEHL AT DA

>>> x, y, z =t

iE A E 2 MM BT EF 54 (sequence unpacking), WISEAEALATALAESESEATBAVF I PO IRIREOR 9820
BRI B SR AR P A R TR ORI . TR, ZEARIREEH 2 tuple packing FIFF SRR
RiAmE.

5.4 4 (Sets)

Python A0 & T — B ITE ser (SEA5) MURORHEIAL, —MW set @414y HEA EEW TR FAMEEH
LS T RBRHANEREETER. Set W SCRIAE . 208, ZHEMEFEHER

KIFHEE set () pRHRAT AR set JERL: ZAIE—FZSHY set, JRAM set () MAE {15 &H
AN 25 09 dictionary, —TEFAIFTE T —Hi wl il GG

i (E i — 1 i L) 3 -

>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}

>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear',K 'apple'}

>>> 'orange' in basket # fast membership testing

True

>>> 'crabgrass' in basket

False

>>> # Demonstrate set operations on unique letters from two words

>>>

a = set ('abracadabra')
>>> b = set('alacazam')
>>> a # unique letters in a
{'a', 'r', 'b', 'c', 'd':}
>>> a - b # letters in a but not in b
'r', 'd', 'b'}
>>> a | b letters in a or b or both

#
{vav, 'C', vrv, ldv, lbv, lml’ 'Z'I 'l'}
#

>>> a & b letters in both a and b

(Rt
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(R —H)

_{la', 'c'}
>>> a ~ b # letters in a or b but not both
Vr" Vd" ’bV, YmV, lZV, llY}

Flist comprehensions %8, WA set comprehensions (£E&r4EEEE):

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{Vr', Vd'}

5.5 =81 (Dictionary)

T —1{H#; H 1) Python [E1Z & BHEALE] dictionary (3527 typesmapping ). Dictionary 4 e FEE] [ 3 a0 fa i |
(associative memories) BY [ ¥ [#i41] | (associative arrays). A5 74152 t— &6 E [Ep 875 /E& Y|, dictionary
JE 42 (key) RG], BV DURITEATR AL AR ABEER T DAF ESE . Tuple W0 0] DAFTESE, QiR
M H & B ek tuple; #5—1 tuple B2l B2 S A (R M AT (1, B BEE VRS . IRIEVA(E
JH list /e, list AT PAZE 12 5|5k (index assignment). ] 5 57k (slice assignment) £{ /218 append ()
Fl extend () % method #1514 .

HZ dictionary 5T 14 7 RSB AR E — 4148 1A% (key: value pair) [ set, H4AE [ —(/ dictionary [Fl. 48
BT B REE T A 25 dictionary: { }o % H I 5840 B A SR ) A KRG A
AR AL T B A S . O AR R T e R AR

Dictionary 3 % fit) 8 A [E1FE ph §8 A s A7 — M (R [E) L nT 38 ph 3% BB AU 5% (. L mT PAGE ) del 2RIEIG SR (E 3t .
AOSRFRAM A R SR G A, RS R R I g R . (R EAE O SR AR L L i B R

¥} dictionary i i 1ist (d) €rf5%|— W &% T pra # ) list, HHSNE P ERR AR . (A siHE
7, R sorted (d) fCEERIW] ), ANSRARRERE— B2 A CARER T a AT in.

1 A2 {4 1] —{ dictionary )i BELEE (I :

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

{'jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098

>>> del tel['sape']
>>> tel['irv'] = 4127
>>> tel

{'"jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)

["jack', 'guido', 'irv']

>>> sorted(tel)

['guido', 'irv', 'jack']

>>> 'guido' in tel

True

>>> 'jack' not in tel

False

PR dict () PIEEEE M —H S 37 51 281 2 dictionary :

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1])
{'sape': 4139, 'guido': 4127, 'jack': 4098}
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IAb, dict comprehensions 9, R DA 375 1 AT 5 # B ) 1858 = AR I 7 dictionary :

>>> {x: x**2 for x in (2, 4, 0)}
{2: 4, 4: 16, 6: 36}

W B TR R, G BT |9 (keyword arguments) A IR @ e [EV i -

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'Jack': 4098}

5.6 [F/E#I3

W ¥} dictionary EEIREIRS, DA S H 3RO (E T ARE B BT items () method 2[R LTS :

>>> knights = {'gallahad': 'the pure', 'robin': 'the brave'}
>>> for k, v in knights.items{():
print (k, v)

gallahad the pure
robin the brave

W SIEEIE R, BRG] KB DAFER ] enumerate () BRI RERUS

>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac

2 toe

IR A DA_L R PR, AT AR H ARG 0 A zip () iR

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your ? It is .'.format (g, a))

What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

SR HIE R EIRE . e IR E S, R reversed () Kk

>>> for i in reversed(range(l, 10, 2)):
print (i)

= w o J w0 -

ZOAEIRE e, B sorted () B @32 — BT ASHEF Y list , (ER Gk A 72571 -
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for 1 in sorted (basket):
print (i)
apple
apple
banana
orange
orange
pear

BFEIE ] set () WEBREEDCE. BFHIMH sorted () Mk set O, HIEBERHANTFHYIEEECE
0 T P A P Ok -

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

A IR ) R 2 AR AR ) — ] list, {EUR, G AR list € SO B .22 42

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 47.8]
>>> filtered_data = []
>>> for value in raw_data:
if not math.isnan (value) :
filtered_data.append (value)

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]

5.7 EANT #R{&4¥ (Condition)

fEHAE while F1 1€ BOAXAYGLE AT AL SAEATIER 1, A JA HEGESE 1 (comparisons) .

FCEGER T in fl not in Mt —M{EREHAE (NETE) A—MFH . EET is flnot is HLEWIE
YIRS B2 E . Ira HOBE A 1 4 5 B R ) LA S (e A 1
ol ] LR HE— . B, a < b == c itRAEHE a B /NA b fl b BEE .

FLHE A ] DAKE A MG 7 and fil or, H—HHBER LR (SR ARG MGER ) WU E not
KA. 8 TR AR L LU E S TG, Hd, not WEEE R, or MBI RAL, Hita
and not B or CZ[EA (A and (not B)) or C. —WEH, FESERT AR ARFRTMAEERAE.

TMES T and Fll or WHAREE S (short-circuit) JEFT: i HG | M 72 A IEATIER, 45 R L B )
SiRES, g, AR CEEMEBEMR, WA and B and C BEFEAENTE ¢ HIERA AP
I AR AR AR BRI B B ol (i (s A R A Y 5 B

7t ECHGEL S sl H A A AGE SR S G R AR IR AR — (SR O T ARG . Bl

>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null = stringl or string2 or string3

(Rt
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(R —H)

>>> non_null
'Trondheim’

YERE, Python 8 CBEF A4k, {EERAEMEATHRIRL AN IBSEE T =, B 71 C 7
L R — BRI AT == R AT A =,

5.8 FIIFIRMERMB ZLLE

FE A W] DA AR A RIS AL P (M L o 5T HO Bl 1 39 e X, (lexicographical) Y = 1 HOBg
A B IRETI IR, AR, METEEEEA 2oMmE, RIHR F—a, DASUE, B3 HA— o) e 4
JH5E. MRPEEE N Al WY A 5 SO AR PP, e s L i ED AT . A SR i {791 Bir
I E AR A, R e o B E R A A5 . AR — 7 912 55— Ml my T, s AR 51 [E)
;&E/J\E@f?ﬁﬂo F-H3 ) S IEF 61 Unicode FIASL (code point) A AEHE PRI FIC. AT 2 — LA 751
R g :

(1, 2, 3) < (1, 2, 4)

[1, 2, 31 < [1, 2, 4]

'ABC' < 'C' < 'Pascal' < 'Python'

(1, 2, 3, 4) < (1, 2, 4)

(1, 2) < (1, 2, -1)

(1, 2, 3) == (1.0, 2.0, 3.0)

(1, 2, ('aa', 'ab')) < (1, 2, ('abc', 'a'), 4)

TR, A < 80> SRIGBORF A PP R0, FORYIPHIEA R 1 EUBO k. B, R-Gr g B{E s
AU MR T M BE ML, BTRA 0 451 0.0, 454F. 5 HI B R at g8 #REH — W TypeError S{SAMAZ
PRt — e R AHE .

i)
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148 (Module)

WAL Python BLEASEEPHZ LRGN, 20l (WU ) MR E Sl el k. L, AHBE L
FRAREAE, VRO A s o HE A i A B %, [MH N R SoRIE T . Eate—MEA

(script). WEFARRIFEAMEASBIR , VRATRE A 2T B PR AR 58, T L dr At

Rl fiE o g AR —

TRPRZ B A E H AR R i o, (R A S v 20 s s 2 2 B A o e R

[Ey S ikiE—#h, Python f—M A DA E S AR SR D, [EE L BB S e, S
FEREENL 4L (module); FAH P RE FEnT AR import B FABKAE SR import 2 £ (main) KA (TEix JEE
WATHIEAS, AR EBBSCUT, P e sta).
PR 4R Python E FEAFHAMIESR, MEAMSEAXTN L py. AT, BHMELE (EEF

H) S A name_ WYfE. B0, BN SCT RIS LE OB P Al — (A4 [E] £ibo . py BYREER,
[EIA R

# Fibonacci numbers module

def

def

fib(n) : # write Fibonacci series up to n
a, b=20, 1
while a < n:
print (a, end=" ")
a, b =Db, atb
print ()

fib2 (n) : # return Fibonacci series up to n
result = [
a, b =20,
while a <
result.append(a)
a, b = b, atb
return result

]
1
n:

BIFEHEA Python EREASEIHI LA 454 import S& fEALAH -

>>>

import fibo

45
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SEEVR Al £ibo i Sl U4 TR LRI AR BIROAF T B @I fibo ROBLALATE. B Ml
R, TDAIRER R

>>> fibo.fib (1000)

0112 358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

(o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo._ name

'fibo'

UREHT SRR GNP AR R 2, T DA HA E 22 e 0

>>> fib = fibo.fib
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

6.1 FANTIRH

FEAL AT DA & T AT A BRGA S DA e R R B 32 38 2E BRSO AEER AL I iR 1k, B M e e % — k1t
import e A G AT (USRS s R EA AT, BasireEm).

FRBAEA E A CRRAE TR, BALE) e 20 ok =X Er it s AL M AL A 98 28 I A A R R . A
W, BAH A VR AT DATERLAH o B A da s o, T A A 15O O 35 0 A el s BB A AN A R 2 .
— T, WERARENE H SAEMTE, AR AT DA 0 O REH AL G e s s, ARG | s — R s v
modname . itemname,

FE—fEASEAH AT A import FAASA . LAY import BAZUIFERA (S sk, EAad2—ik) Mk
BHUE 1G], HEEAGEIR . B import AR 4% R i B e BRAEAL I AT e 2

import BARIUH Y MR YA, W AEES A FACAK import AL, B import 2 JFALH AT HER T .
Bt -

>>> from fibo import fib, fib2
>>> fib (500)
0112358 13 21 34 55 89 144 233 377

AE import Z E ARG O, [HE % ik A 0 AL R IEAS G5 | ALERIATsE s (Hk, e
) fibo KPEEF) .

FLEBA SR, AT RA import A5 E SR BT A 448 -

>>> from fibo import *
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

JE A £ 5 & import BUAH P ATA R ARG, B T EEE (L) BB . KZMWEET, Python Fx st
ARBEEMEIAE, FEETEERSTOIA T 8RS8, [EHETREREZE e e snbE.

AER, R N EIR AR B BB R import * [k, HIEVESE R e ST SR s RS . H
A EARAE BB h Ei A T R, I T A2

WAL R AR T M B as, I as Z AR A ELEE AN import BALHEEAE .

VR b, RAUERE TR 0 TRR s e TR R I R SR, S A R A R AL AR IR R
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>>> import fibo as fib
>>> fib.fib (500)
0112358 13 21 34 55 89 144 233 377

iE A import 773l import fibo FRLbR2—Hki, ME—ZEENEBAEEM £ib MEAL.
FERE £ rom Wyt n] DA BRI D7 2O ROR |

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
01 12 358 13 21 34 55 89 144 233 377

El: HSCRIE N, BEE AL A 0 AT session @Y import — K. R, WSRAE R TR, HI
HEREES w8, WRAE AR BN AEAL, ATPAM ] importlib.reload ().

B import importlib; importlib.reload(modulename) .,

6.1.1 EEHE EEDARBIT

H I AR [E)78 34T Python FAH IR -

’python fibo.py <arguments>

ﬁn IE‘HEFH import *Elk‘é\7 *ﬁ%ﬂqﬂ E{]*ﬁ%iﬁ:ﬁ%@%&%ﬁ—?y 'fﬂ ___hame___ %ﬁ%& " main__ ", >
A AR RSN DA S AR U -

i
Gl
=
S
&
&
=

if name == "__main__ ":
import sys

fib(int (sys.argv[1l]))

PRI DA 22 FEENE) At ] I 1T DAVEEI S import (54, DHIEIARHT (parse) fir %41 AR =05 H G 7E B AL E
[ AR, A EHiT:

$ python fibo.py 50
0112 358 13 21 34

SR B 24 import 1), I R% BIRE U AN S BpLA T :

>>> import fibo
>>>

‘éiﬁﬁ%ﬂﬂiﬁﬁﬂﬁ%ﬁﬁ@%ﬁﬂﬁ%ﬂﬁ, s E AR A (BUTHECE RS, DAEIAH) 7 AT

i

B

I
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6.1.2 EHAEFHRT

YA %N spam BB ARE, BEREAS B i R B RA R N B , XTI 4 FRBIAE sys .
builtin_module_names H. HURPA L], WAL R sys.path HHIHHRIEFRE 14N
spam.py B3P, sys.path MiXeef BEAIIH1L:

o SAEARFAER R (ARG ERE R, B2 HEBrERHe) .
« PYTHONPATH (— Al shell 558 PATH [3EEAH A 0 BB 44 55 )
o BB BEE (FEBI G5 site-packages BRI, B site BAATEH).

ffilEl: 7RIS
EEz, wEfrk

&

A& (symlink) BB R G0, M ALAH) FTTE EORHHORTE IR BB AT SR 45 2 AR A WY -
A R EIEAT 84 I 2 BT 18 B

=

WGk 1% , Python BT DAMERL sys . path. AT HEIA M FTFE ORI G 7E 8 SRS BB, 7ERRMERR X
JEEEAR 2 1. i8R R B E A G ESE A, A2 e X R A PR R 4 RO BEAH . BR AR R AR
EMOEHEE, GRER MR, W2 e R A ERE 2 E .

6.1.3 [#E:E | Python &3

()7 e s AASEARL B 8 )3, Python i 45 8 45 4H 1) 4 v A {7 7F _pycache_ ERIAR, [Ely 4[]
module.version.pyc, iE[EI version J& & & MRS LR, HABHEH G5 Python [ i A i
S B0, 7F CPython 3.3 1, spam.py [ 4 i A k9t & 77 F) _ pycache_ /spam.cpython-33.pyc, I
ir 24 HE U AT DA B [ AN 7] HRUAR 1) St A 4EL R Python (AN [ FRUAR [R] IRp LA

Python HRIZJFUGTERAZME U H IV, A sk A e 0 i o Fog e . B2 — MR E e BB lAR. 7
b, B AU S5, AR A R RS R B0 T ] ASC T (] — R 2

Python 7E M5 [E] R ANAR AL PRI (cache). F9c, THRE BB A st H A A7 ELIR 0 iy O B BOA R BLAL I 4528
S, MREGIERAL, MRS, SRR () B, MmO B A7 AR
Zopbder, [F BN REAT JEAAH

— LU LRI RR:

« W] PATE Python 454~ [ {1 /] A 2 # (switch) -0 5 —00 ZREVNC Ms il iy /. Bl 28 -o [k
assert (BE) BRIRS, i —00 [ARFEIRR assert BOAAI __doc__ Fef. HiitA LefesUnl EMAEIR Lk
ESEER, A A ERIE A CEMAHERS, A2, OB BALH opt- £, Hill
FEUIN . AR A AT BE O ALY RCR

o FH . pyc BRE, BAMPUTEEEER G R .oy AR, ME- OB 2 B .
o Bl compileall W PAEJERIIE i BTA AR A 2 pyc 4.
o WENAR, AIEESREE, #52%PEP 3147,
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6.2 R4

Python Py 17— (AR , SRR NEATE S — (0 3c, REE) [Python pisUE2 % FE] (L [t
2 FE]). G d s hEEr; erme—R)E ik = 2o ERRE R E A I, A
WRE THRESCE, SEREMEERGEAERE (FlanRGEEM) . EBA R AR — AL REE, MR
EVRIRIET- & . Bl winreg BALEHE Windows [T . (EFERIIEALR sys, EREIEAES M Python K
wEar . S sys.psl fll sys.ps2 HIACGER L. KR TFICHTFH

>>> import sys
>>> sys.psl
>>> !

>>> sys.ps2

1 ]

>>> sys.psl = 'C> !
C> print ('Yuck!")
Yuck!

C>

FUA B e LB IR, 7 75 2008 F0E W R 32

¥ sys.path B—flF7H list, BEEHZSIBAE SR BRWIGEE B 8 PYTHONPATH H1{#
B TH R BRAE, B 25 PYTHONPATH Rk ERs, fEEEATERERE . VR DA RERY list #RAEIE szt 8

>>> import sys
>>> gys.path.append('/ufs/guido/lib/python")

6.3 dir() FX

Ela dir () HRHRHBALE RN ITH A . BRI R list:

>>> import fibo, sys

>>> dir (fibo)

['_name__ ', 'fib', 'fib2']
>>> dir (sys)

['__breakpointhook__ ', '__displayhook__', '__doc__', '__excepthook_ ',

' __interactivehook__', '__loader__', '__name__', '__package__', '_ _spec__',
'__stderr_ ', '__stdin__ ', '__stdout__', '__ unraisablehook_ ',

' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',

'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_ tracing',
'callstats', 'copyright', 'displayvhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_ depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',

'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',

(FItgkss)
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FEH LR

'stdin', 'stdout', 'thread_ info', 'unraisablehook', 'wversion', 'version_info',
'warnoptions']

[E 45180, dir O FIhHBTC €% 4

>>> a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

["_builtins__', '__name__', 'a', 'fib', 'fibo', 'sys']

AR, EANN AR AN . B, R,
dir () AEFIHH EE R A AR ARREZESIN TN, EMoe SAEEERAL builtins [E):

>>> import builtins

>>> dir (builtins)

["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException',
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning',
'"ChildProcessError', 'ConnectionAbortedError', 'ConnectionError',
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning',
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False',
'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError',
'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError',
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',
'ValueError', 'Warning', 'ZeroDivisionError', '_', '__ build class__',

' _debug__', '__doc__', '__import__', '__name__', '__ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec', 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']
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6.4 £ (Package)

B [ B R4 A ] ALk Python BiAlar 4% 25 M ik, BN, BIALA4ME A.B FOREMF A H
A B By TR IE ARG, AR A N e 40 O S M RS ) el e R ), 3850 B A
AR, MRS BALEME (B NumPy 5 Pillow) PR FIA S O HADE PO RBALY A .

MR IR A e — M BB A — R P o fURE R B B AR B4R (TR ]) . IREE U RA R 2 1A R X
GEHE LB MR A K%, Bl cwav, .aiff, .au), FEM, BT AEEEKRSZ BOEE, ks
SR A R R G . [ SO MR R 2 A RS (B, SRR A 3]
. B s Tae . RSN TSR0, R — RSB R BA TE L. IR RRNE
PFRTRERIZERE (ARSI SRR R A AR ) -

sound/ Top-level package
__init__ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py

wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py

effects/ Subpackage for sound effects
__init__ .py
echo.py
surround.py
reverse.py

filters/ Subpackage for filters
__init__ .py
equalizer.py
vocoder.py
karaoke.py

Import E{FRf, Python F##55 sys.path EWHE, FH#EEMHRTHE.

HEARWHSH __init__.py %, A €67 Pyhon B MUEM; REAkAT VARG 28 DAH 4 i dr gy (140
string) MHIE, MERErbBRM T moh b BAEBLAL I S A i A AL, FERMELAOMEE], __init_ .py
APARGRE R AR e R AT EIFR IR e RERS, siEE a1l S, ZREREd.

BRI AT AR import AL, 40

’import sound.effects.echo ‘

BEREITELA T T84 sound.effects.echo. 5| HEWEATEHNAES:

sound.effects.echo.echofilter (input, output, delay=0.7, atten=4) ‘

73— import TR I IA 2 |

’from sound.effects import echo ‘

i B A — BT A TR echo, [EHAMEHISE AT AN, FILRELAIN R 755U -

’echo.echofilter(input, output, delay=0.7, atten=4)
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A —TE S 2 B 1 import T A R X B A

’from sound.effects.echo import echofilter

B, EHIEEA TR echo, HERK echofilter () A LAB M :

’echofilter(input, output, delay=0.7, atten=4)

|

AR, (1] from package import itemlRf, item A[DUREMRYTHAL (TEM), Al U2EMH
PoE R AR, Boem, cdass (BHE) s, inport BHAX LN EN A A 2 item; QIR
E, Hierfare b, EEHA. IURE AT item, HI €78 InportError fil4h.

A/, /] import item.subitem.subsubitem FE¥ERE, BT HAE—HZAHN, - THAULIREN
g LR s B, (HARE 2RI — T € 58 class, PR,

6.4.1 #*tEHd import *

WHHHEF T from sound.effects import * b, @¥fAfHESE? BAEET, Ml 2
FEEERS, SEREMPEERN TR, ERFer e import, & @ EBERMIEH, H import T4
TR REE A AL BRI, LRI A (B R import TR A g8

ME— B R S B A E DS AR AL R ZE . import BEAZMEH DA FIES]: (SRR __init_ .py
AW AEEMAE __all ) list, %83 from package import * f{IREE, B ul€r 2% 4 import
HIRA ARG . BB K, e T HATEE R B list. WREMEE REEA A gt
FYE: R import *, Lt 1] B8 ErE)E A s list. #12K[E], sound/effects/__init  .py R4
SPAT AR

all = ["echo", "surround", "reverse"]

XEME from sound.effects import * FH A sound.effects WIILALE=ZA T,

NE a1l [FIA#EEsR, from sound.effects import * AKX [FIR G sound.effects Eff
W A AT import F 3 ET Y Ay 44 25 M B HARR sound.effects B 9 import (1] {8 & 1T
__init_ .py PRIIGESCES ), SRR import B HREE RN TR BES __init_ .py 3 (PA
&?ﬁﬁ)éﬁéiﬁ/\ﬁ@?ﬁ%ﬂ) PUET ARG . EWAIE M Z B9 import BUABIERAMEM T . FE A
TR

import sound.effects.echo
import sound.effects.surround
from sound.effects import *

WA, 5 from. . .import BRI EITH, echo il surround &Y import E&E AT M4 25,
BIETE sound.effects BEEERMN. (B __all  AHEFRE, SREAR.)

BESR , ALl E B R R, ARG import * WRF, REBLALA G BL0ARE BN A, EAE IR IR
(production) [ A i (3 AR BAR [ER A R 1

aifl, B from package import specific_submodule ANEAILMTMHE! L, ERHMEMBNE,
B3l import BT B 2 TN S 1Y TR ) 42 o
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6.4.2 E#I5IH

HEENSHEZM T EMNAER (WG sound B4:), WPAMEH [E# (absolute) import |, 7]
HEEEA PR T4, B, B4 sound. filters.vocoder BT sound.effects H1f¥ echo
FE4HI:, WPAM] from sound.effects import echo,

PRATATPAH from module import name ff) import AT, % [ A% (relative) import]. =L import {ifi
FBTEATSEFE 7~ A % import HHERIEAFIEEEM:. B, 7E surround B, JRATRAMA -

from . import echo
from .. import formats
from ..filters import equalizer

AEVEREL, AHE import (B2 DA H BTRRAL A FEER SR . R E B4 4 Ak =2 " __main_ ", JTRAMN
R ERBLAL FE IR Python i ARG FARAL, BB 28075 B 1 EJ%F import.

6.4.3 ZHIIRMEH

BB SOR—FREYE __path o BAERIIAILEE M list, E&ZEMN __init_ . py MRITER
HEAMRE, ¥R o fRE R RS T2 ol S WS E0T AN, (HE kil % & A &
R B .

HERE R (N R BHR 2, (e RSB P B

I3
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CHAPTER 7/

A N\ Fnia

A gy n] AR AR s BRI T ALAAR G i U, B0 S AR DABER AT (]« 15 2t
ol AR AN R O 2

71 FEENEHEN

A1k 7 L A5 S TR R (1 75X 38 5 X R & (expression statements) 8 print () Hist. (5=
%ﬁi%i%ﬁ%wnﬁe ) Jris BRI R sys . stdout AGERUN . REANNY RS I
F i X R

PR g AR S A SO 2, TSR S EH DA AR B . DA 2 AR At 1 7 5K

o BF X AF AR (formatted string literals), F5AEF- 5 FIUAHI G| SE e H# G =5 95 mim L £ 8¢ F.
YRR DAYEE A e { 8 ) A7k Python 3, 5] H st dioal HoAh 7 Thi (A (literal values).

>>> year = 2016

>>> event = 'Referendum'

>>> f'Results of the {year event /'
'Results of the 2016 Referendum'

o FHiIY str. format () method FFEHE L FH A, MRERW AN { F1y BURBE RS AE, H
WA TR RIES, EARE R s s 2

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

>>> percentage = yes_votes / (yes_votes + no_votes)

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'

o A%, VRERTLAHCHTHIYIT (slicing) MR (concatenation) 54, SE /BT A R TR E R, BSZAT AT
PREERMGIOHERURS 3. A ZUEN — 28 method, REDA%SE M TCIEA 7 eh , E LSBT BARLE .

%%Kﬁﬁ%ﬁ%ﬂﬁ@ﬂj, FUBYCHBUR S OAEATIR S, FTDAM repr O B str () BB (E#(E)
El 7.
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str () RaCHH R E— W A AS S E R TE, 1 repr () A9 A R EAE BB EBUN FERE (R
[ETA 2k isEys, RIS syntaxError ). AISRYIEHEIA NS #EE € F£oRyk, st () E{#E repr ()
MEIME. A2 nlE, B2y, o list ) dictionary SF45HE, ] 3& Wi R =N g M R R m . TEEER
R EVERE], A iR AR ] B 2R i

— 2L

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) +
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
... hello = 'hello, world\n'
>>> hellos = repr(hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr () may be any Python object:
. repr((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"

string B S —fH Template class (HE), 24t T ERRETH RS k. ki sx D
F7%, [EIDA dictionary FEIEATIUA, (H3EPAR 2 W B

7.1.1 B L8R ILA (Formatted String Literals)
FEARAL SR (R 75, SlAEFHRIMANE £ o F, EiHER 4 {expression},
PRA] PARESERETIIA Python J 8 20 A

%I4T (format specifier) ZBERVERY, 7RSI, WA Az HIE A% D7 X AR #EBI pi
AN = A

>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

TE " BREE RO, ATDARE s AL DR T ICT, W RO R

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items():

print (£'{name:10} ==> {phone:10d/}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678

A B OE ] DAFEAS AL B e E . e B ascii(), "!'s' FEH str(), "' §
£ repr():
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>>> animals = 'eels'

>>> print (f'My hovercraft is full of {animals/.'")
My hovercraft is full of eels.

>>> print (£'My hovercraft is full of {animals 1)
My hovercraft is full of 'eels'.

RS BN T ARG, #F 5 formatspec 2% 15 .

7.1.2 5/ format() method

str.format () method [{JEA VAT

>>> print ('We are the who say " tmr format ('knights', 'Ni'))
We are the knights who say "Ni!"

KAEGE R HEN 7w (BERS ) eruiBuREEIEL str. format () method FH2F. KIHHEH BT
PR YAE ﬁn str.format () method R§FT7EM{ & o

>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

WAL str. format () method FH O BRSE 75 8, TLAGE IS B i 551 T EMI{E.

>>> print ('This is .format (
food="'spam', adjectlve*'absolutely horrible'))
ThlS spam is absolutely horrible.

[ ES [ HOM B s 5 | o DMER AL

>>> print ('The story of , , and '.format ('Bill', 'Manfred',
other="Georg'))
The story of Bill, Manfred, and Georg.

AISRAR 7% (EEN mﬁ?‘ﬂﬁ’]ﬁ’]‘ﬁﬁﬂﬁ%% tt@ﬁ%ﬂﬁﬁfmﬁc’%mﬁﬁf FHOLE RS . B ER DA
T EE L (dict), [EFFHESE 11" S (key) SREH

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ;!

e 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

P 5, 4 table M AEBIBET S | MOHLE, A — bR

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '.format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

HEHEEA vars () ALAMH A, SRR . 5%k 2000 DA E—08 5 T A [0 8 B0 dictionary
B, AR ASE A —ALHES A RO, 51 AR Ty BT

>>> for x in range (1, 11):
print (' '.format (x, x*x, X*X*x))

(Rt
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gL E—F)
101 1
2 4 8
39 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

BIAE str. format () EATFHREAH ERMA, 5 7 formatstrings.

7.1.3 FEHEXtFEH
"N R AT B A58 I R — P R an TR

>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end=" ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
749 343
8 64 512
9 81 729
10 100 1000

(FAER, (M print O FREMZ HIMA—RZSHE T BEREGRAE G BRI A )

FHYFR str.riust () method FE7EZc HIIFAH 254, (070 DA%S & O OIS 754 352 . 1LY method

BA str.ljust () fl str.center (). a2 method A& MMEMEIZ, HEE—FEHFEE, WHRHANT

FRR, BEMAgEETTS, M MUTTecsEth b E#; EASK e FalMn sHE, (HEmEEe sy

ﬁg)%@%@%&ﬁ%ﬁ%xﬂﬁo (WIRARE RSB R, PTRUMAMR x. 1just (n) [:n] BHERY)
T,

J—Mf method J& str.z£1i11 (), FIFEM(EH T BEMNE, HAERELE &5%:

>>> '12'.zfill (5)

'00012"

>>> '-3.14".z£f1i11(7)
'-003.14"

>>> '3.14159265359"'.z£f111(5)
'3.14159265359"'
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7.1.4 B FRMERZE

% T (modulo, #ilf) WA FHAMEA. 1 'string’ & values W, string HHIAH & @1
values B HICRATI . HEFH PERFET ER A (string interpolation). {401

>>> import math
>>> print ('The value of pi is approximately .'" % math.pi)
The value of pi is approximately 3.142.

%2 %5 7 old-string-formatting /)M .

7.2 BRIEX

open () R [[—A file object , Fx MNP ZEPAMLE S — 1 2T S open (filename, mode,
encoding=None)

’>>> f = open('workfile', 'w', encoding="utf-8")

— {5 R — AR AR TR S8 IO — T, 0 T AR R R
nmklhﬂﬁ o DAMERTE P IWWM,%ruﬁﬁﬁf%l%%(aﬁfmﬂzﬁiﬁﬁ
PRI ) va W, DA H G BAIDRESE , FETR5 ARIZRHY VOB & E BB A BB IAE R ot o]
PABE RS TRURURIBE A . mode 5| WURBEHEPER), #8MEHESrBIRE ' x

HHETEOUT, SCHFE A text mode I, WYL, RN SCH P FEAFE , X B2 455 2 DURFE W encoding
Al . WEIREHFEE encoding , BRINWZSFEH XM (W open () ). Fh UTE-8 2B LIRbRiHE,
B AR ATE AR TE 2T A — AN R iy, 75 D) i i fef encodlng="utf 8" . FEAL)FHE M E— b
"I PAH binary mode FTFF 304 . — BB ER 2 VA bytes MRMIER LS. £ #%UTE_Y—FTT?FY#F
B, RARETS E encoding .

TESCFAESK (text mode) T, ?EEXHT@TE ZAERREATRAFSE (Unix [E \n, Windows F[F]\r\n) ##[F]
[E\no FECFRHEUFRARE, FHEEIE \n 82 RTS8 E T RRATIE. i8R 1R SR R ErY
1%3517?5?%?(?%%5}5%%3%, HgEEG 2 IPEG B EXE BRI IR . TERTR BRI,
TR B I

TERE PR PFRE, (T with BB RMAFEE . @2, WEMNBEIGARIR, MIMEERMERZI5] 5 T 6l
S, AU E IEFEHBEBA P . (] with MILE R try-finally B, AAGMEHZ:

>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

>>> # We can check that the file has been automatically closed.
>>> f.closed
True

WRAREG G with BT, RIERFI £.close () BIPAAEEE, WTRASL EVRERCHEE BT I R AT AR .

el WY £owrite () W, AARMAH with BISEFETN £.close (), BEPMIARCATNRE, ol feEE
B f.owrite () W95 8UEE BE5E 20 ARERE.

A didEi with PBOAK, S0P £.close O B —MEREWIF2R, Bl REEY S & 88K

>>> f.close()
>>> f.read()

CFItgkEs)
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(R —H)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.2.1 {E=ZY48) method

A H AR E Bk—EAE £ BRI E L.

TP RIVELS, WIFY £.read (size), EWFER—IO LR, EAFE (SrFEl) sl
P (i) B, size RREERIER BT 518 5 size P ms kB EBR, R ETHEAG
P EEIR ;AR S RO I A R A RS, EERIR . B, 5 R SRR size B
MFIC (SCTFRER) B size A CAE (TGN Saaii e mIe . dnlR mi O RS2 A S0 AR,
f.read () FHEEFH (1),

>>> f.read()
'This is the entire file.\n'
>>> f.read()

[}

f.readline () MR THFMEB—1T; EFr7T (\n) GWRETHNGRE, EEEERLAZEST
FIOURE, EA SRR R TR0 G R e (R EE W H % £.readline () [n[f—fH%
T, FORCRENE TSR, M EATMERRER \n', Wi E—EERTT I TE.

>>> f.readline ()

'This is the first line of the file.\n'
>>> f.readline ()

'Second line of the file\n'

>>> f.readline ()
T

AR R PRI ATIE, AT R R T . SR AR RO RO Pk, HAR AR

>>> for line in f:
print (line, end='")

This is the first line of the file.
Second line of the file

SRR —{HAE S a0 list [E], WTDAM list (£f) 3{ £.readlines ().
f.write (string) I string IEIZ S AMEZE, [FRESE AT T,

>>> f.write('This is a test\n')
15

RHAHABR Y2, 2t e MDD R Coesst) siaocpmir (Thst):

>>> value = ('the answer', 42)

>>> s = str(value) # convert the tuple to string
>>> f.write(s)

18

f.tell () FIE—ERE, BAMRMEYITERETMEIGE, £ RN RORER RG24 16
TUALEL, AESCFREUR SRR E - A R
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] £.seek (offset, whence) W PAMEAMRYINERIOIE (L EFHAI 2025 BN offset 1Y
TiFs i 275 Bl 5| B whence G AR, ¥ whence {HE) 0 I, FORMIARRERE, 1 Fon i & iR
(i, 2 FnEAERAmIEE S %8 . whence nTANE, HERAEE 0, RIDAERBFIEESZZH.

>>> f = open('workfile', 'rb+')

>>> f.write(b'012345678%abcdef")

16

>>> f.seek (D) # Go to the 6th byte in the file
5

>>> f.read (1)

b'S!

>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13

>>> f.read (1)

b'd!’

TEXCTFRE (FIERBT R ARMA b MRESR) B, RAadfFMERMEE2E BT84 (Hseek (0, 2)
FREREA 2O, BRAR £.eell O FEWE, 2020, 42N ofser (H. HAALMT offser {4
g EIAE R A TE

TEWFEA — LN method, BURBAF M isatty O M truncate () ; HHERYIFHFEREIEH R
RS2 % T,

7.2.2 f£/H json REFFEMILEH

7 H3 T AT B R 5 R R ARG B IR R PR read () method H [ (55, gL Ef Dk
JREIRAR int O EHMER, BEZ 123 BT, ERE8E 123, SRR RGO list Fl
dictionary (F°8tt) SEEVHMYERIFILIR, FEIRINT (parsing) FTFFIL (serializing) EAA1FEIAE .

RIS A s (5 ) 2 S B 4 5 A e B AR U A B R B3 1 R A7 RIS 22, Python 738 — 1% JL ) BRI A2
[E#%3%, ABE] JISON (JavaScript Object Notation), EHERAL §son RI42IL Python R E , [El & MigEIE 5
FRERYE: BHEARREE serializing (JF54k) . W7 FREP EEERNRIE deserializing (F5ML). 1E
FFHMCFI P2 1, R P 8 v] DA AP AEAE SR B e v, ol a0 4 o e o 30 3 o i P A

fiilE): JSON Mg s it BUAUE AR e pb 2 [E). FF 27 st i 7 O S e HaesE, e e
THH A (interoperability) 143845 .

WARARA — Y <, A7 RS R At B 19 ISON FEp 3Rk

>>> import json

>>> x = [1, 'simple', 'list']
>>> json.dumps (x)

'[1, "simple", "list"]'

dumps () BAH —EEH, MBI dump (), EHRAHEYIFTIEE e file. B, 024 £ 2—EETHA
1M BAE) g rext file WF, BT ASEREAS:

json.dump (x, f)

WIS, AR £ REITIF. BESRbinary file Stext file XF5: :

’x = Jjson.load(f)
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fi [El:  JSON 3¢ s 75 DA UTF-8 % fh. 24 §7 JF JSON SCA4: Ak 2y — Arext file T 15 5 W, i 1]

encoding="utf-8",

1o R £ AL B A B AT 1T DA BE PR List 11 dictionary, {H337E JSON HFFIMLAL 10 class (JEE)) 26, AIF5%
—SEREAMY TAE. Json B 22 KR & i EI .

Wz
pickle - pickle #i4H

BLJSON ANJel , pickle 52— AR #HE R A ENE Python YA T 54LI T 2 . L, E[E Python Fifffy, AN
BB A BELHCARE 3 e 23 M RN . EBGRSTE), @Ay AR ERLE i T B I O 0K
ikt AREBORA A ZAFALARN pickle BERFHIML, ATLABMATIE R R FEHS .
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gEExFAGISD

3 H aiE -2 EE S 2 SR, HAURRERGE RG], RrTREE S R ERM (24) W
TEAE S EIE]: 38542832 (syntax error) F14) 9} (exception) .

8.1 FE /AR (Syntax Error)

R R SURE T 5% (parsing error), B o2 % Python [l A% i i HE L I A% -

>>> while True print ('Hello world")
File "<stdin>", line 1
while True print ('Hello world')

A

SyntaxError: invalid syntax

FTES (parser) @ EEVEEHOI—4T, EH—M/N THEZE] 55102 TAR BB i 26— (R SR S @ i &
Z ATHYRERD (token) BELy (sl 2 ARAEEMRENR) © BEHIP, S0 print O KPR, P
EEE%E&T*@E%(HWO%%%ﬁﬁﬁ%@ﬁmﬁm,%%m%ﬁﬁ%mﬁﬂ$%,ﬁﬂ%ﬂﬁf
WP 3¢ [

8.2 fil4h (Exception)

R — B SR B E R A T IE MR REYE,, BT R T AR B B ek . AT R RS 2 ) B R AR ) 91,
BIANA— 2 B AR B AR Pt E £ 7E Python FExUH AN JEEE T M. A K28 Bl A er gl L B,
(E) H & SR a0 R A S aatUe, -

>>> 10 * (1/0)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ZeroDivisionError: division by zero

>>> 4 + spam*3

(Rt
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(R —H)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

SERA BRI — TR B A TAHESE . BIANE RFEFERY, A2 R e RV A — g e . SRl
P 4 ERLE]: ZeroDivisionError, NameError Ml TypeError. {EEGIANERIY: g, ot
S B A RET 51 41 (built-in exception) ()44 %%, T A EIE G SN2 W LEAE , (F3EA A & 3 R B4
RN—E By (MRS —a MEe) . SErs a2 E g EF (dentifier), N2 MEF
(reserved keyword).

AT HARTR S, ARG MO KA SN S, [ERFIS A .

SRR BREE, I HEE) 19 (stack traceback) A BUREEAEGIAMGRESE . —BOKE, B &6 — M5 R
AMEAT (source line) PHEEIT ] ; (A E N G HURTEEMER A hRl FECas .

bltin-exceptions 2= 71| H [FZE I B 40 2 B0 2% .

8.3 RIS

At g e BB P (1 S IATHY . DA P G 2R N ALS, BRARm R EgmmALL, HEr
FEET R TR (1] Control-C B RG RN ) FHIER, M HELNREC a8

KeyboardInterrupt flAMEHE,

>>> while True:
try:
X = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

try B AGEE T
o WG, ATy T4 (try Ml except BT HHBA) .
o QSREIE LGS, B except T & G, try BRI TR,

o WERPAT ry TAIRFEEAE T BISN, AR A HORIT B E ki . AR BISMARTE except BT
BRI BISNRERIAT, FI except THIGEEAT, /1%, MEBBUT try BUAKXZ RAFEAAS.

o AREEEMBISMRAT & except TAIRHIBISNATE, AKEHAELREISNERY try A AR HEE R E)
R, e — AR5t (unhandled exception), BT 1L, [HURAN L FRITEE o

try BRI PAH A R except 14], [EURREIMGIAMEE BRI, iz A RAEE GpeliT. e
# BRI EN uy TR BN, AN GIEIE— try BOAEABEIHERHIS. —F except T
AR A — MR SRERY tple 51 S GISH, 40

. except (RuntimeError, TypeError, NameError):
pass

—{7E except T4 class (FHE]) FI—MGISNETAHZR ), HEEHGI S 2[R class S 2FIH base
class (M) Fz B4k 7 —4) 1 derived class  (fi74=3[E]) 14 except 7)) ANREEL base class FHZ .
B, AT ERFEH B, C. D:
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class B (Exception):
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls ()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

AR, AR except TRIMIEFHESEE (JE except BIFISE—fH), MIEHS B, B, B——ffF A1
except T4 U # .

etk except THIAI DA IEBISNE AR, DASE— IR BTG HAB SN, (AEEH E2mH /G, BEETE A%
Sy BEREE AR T e | Bl EI L SRR, ARAREHTS [ BRI 4h (dLigeip T DA R % B 51 ) -

import sys

try:
f
s
i

open('myfile.txt"')
f.readline ()
int (s.strip())
except OSError as err:
print ("OS error: ".format (err))
except ValueError:
print ("Could not convert data to an integer.")
except:
print ("Unexpected error:", sys.exc_info () [0])
raise

try .. except BRIANA —(fEIRIEN else T, IR, &% FRMAIAEITA except THIZ K. MR —BL
REAWELARRAT, H uy TR XEHGEGISMNE, EE TR H. fln:

for arg in sys.argv([l:]:

try:
f = open(arg, 'r')

except OSError:
print ('cannot open', arg)

else:
print (arg, 'has', len(f.readlines()), 'lines")
f.close()

i else TAJILN try TANMABSMYREAMS L, FIELE ] ARG BB Z N try .. except
B AR RIS TS [ R Bl A

WO, ERREA A, bR BIsMY ] . BT I BN BE e R, R UEN R 5
AR

except /A) 1] DAYEGI SN REAR I 46 8 — W5 8. 33 1 588 o 490 % B — R B AN B0 91 (instance),  Ho5| #5047
fE instance.args H. [T HME, BIANEGIEEF __str_ (), HILG[HE]DAE B9 ED H 42285
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.args. PRUATDATES [ EEBISMRTSESe @ — Al , [EE.O BBl e i AT f g b .

>>> try:
raise Exception('spam', 'eggs')
. except Exception as inst:

print (type (inst)) # the exception instance
print (inst.args) # arguments stored in .args
print (inst) # __str___ allows args to be printed directly,
# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print ('x =", x)

print ('y =', y)

<class 'Exception'>
("spam', 'eggs')
('spam', 'eggs')

X = spam

y = eggs

R BISME T, BIE A e R BE B G SN HUE B iR AR — 353 (TARED).

BIAMY BEBLE NP wry TA)ESL BRI, R ay TRE (RIEER M E) iy R B A
Bilsh. Blhn:

>>> def this_fails():
x = 1/0

>>> try:
this_fails()

. except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 5|#HIsp

raise BORA AR SHIBEIH 5 818 E R Ish. i

>>> raise NameError ('HiThere')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: HiThere

raise ME— IS BB TSI BROGISh. 25 BOL AU — 0 SN SIS BISh class (774 B Exception )
class) . HIE-—E G5 class BEEIE, TG A 55| BHIT B 5 245 R 2 (constructor) , B9k (1 B 8 57 B
(implicitly instantiated) :

raise ValueError # shorthand for 'raise ValueError()'

WSRAR AR A5 |8 T RIS, EEAFTRIEME, AW AR raise BRIASE NS #4515

>>> try:
raise NameError ('HiThere')
. except NameError:
print ('An exception flew by!')

CFITgkED)
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(R —H)

raise

An exception flew by!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

NameError: HiThere

8.5 flh&EEE (Exception Chaining)

raise PR AT HEIRIEN from, EEBWSIEHINA __cause_ BHEAYEE, REFBIMEEE.
B

# exc must be exception instance or None.
raise RuntimeError from exc

P, ERE T ARA . Bl

>>> def func():
raise IOError

>>> try:
func ()
except IOError as exc:
raise RuntimeError ('Failed to open database') from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
File "<stdin>", line 2, in func

OSError

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Failed to open database

EHIINEAE—H except B finally BIERIERRYL S B50E, BloMglie & AB)at. Bk pishaliz, A
{i FHI& HE from None:

>>> try:
open ('database.sglite')
except OSError:
raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

B2 B A B BRI AL, R L bltin-exceptions .
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8.6 EFM&EBERMBIS

AR AT DA 188 ZESE F P A class 2R Aav4s B I FIAN (A T f# Python class, #fR.Class (#8[F)) ). A2 HEH
B S W, BlANE I Exception class f74E 2R,

SR ARE SORREMOL MR Frae Ui R, (Rl H R YRR B, B R — 2w, RiriY
{1 S5 A BEAR PR BUA B BRI 15 S

REHHISNESE, #GLA [Error] fFEIZREERE, BUAEHEGSMOGA .

2 EEEH g EREMB RS, PARETE R R P A et . H 2 AT class BUER, #F
HClass (#2[F)) Z=fi.

8.7 ERFEEE

try BORA 7 —MRBERE ), MR E SAE BT A B N A TR IS BB (. pian:

>>> try:
.. raise KeyboardInterrupt
. finally:
print ('Goodbye, world!")

Goodbye, world!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

KeyboardInterrupt

R finally TAIFEA(E, HIf finally THIEE try BOAXSTR AT R —BUEH . A try Bk
RRELEGSN, BEPAT finally TA). PATEEDTGBISMEERE, HElEm 5 E:

o MBI coy TRIBATIERE, BIRZGIIN P M except FAJBERE. AN 3% H1 SNEAG B
except TAJEM, BETE finally FHIBATEME I,

o —fABISMITREEEE A except BX else TAIFFATRE . [k, RZFIAMEFE £inally FAJFATED
91,

« W finally F#J$14T break. continue B return BuAs, RIBISMAGHEHGIE.

o TR try BiAFIE T break, continue B return BRI, H finally FAJEIEHIT break,
continue 8{ return A2 BifEHAT.

o YN finally FAJHALE return PR, HIFMEE S 2K H finally FA1 return FIAR [
BE, MARKHA try FAH return B B EE.

Bt :
>>> def bool_return():
try:
return True
finally:

return False

>>> bool_return()
False

73— {1 LR A ) A 15
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>>> def divide(x, y):
try:
result = x / y
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1™")

executing finally clause

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide

TypeError: unsupported operand type(s) for /: 'str' and 'str'

WARFT R, finally FAITEAEMIEE NER G #AT. WIMETHARERTS 80 TypeError [E# except
TAJER, HBLETE finally TAIBATRCERG5%.

FEEE AR T, finally TASRBEHSOMNBEIR (FlamE R apsEE) 61, e g
e B .

8.8 MERMFEDE

FLeWI PR 5 T A PE AN PR SR I B BB A, S G R M RS i O . R DA R
B, EEHAEEER, EhERES 8.

for line in open("myfile.txt"):
print (line, end="")

ia B RS I BRI, AT e a% R s AR, B IR SR — AN HE S 1 Ry ] () 2 BRI ESR 18 - o i S [ET A
HEAZ IR, (HERER R AR ACREI T R 2 W M. with BORSKGEYIOE (BIIAESE) (el s,
REPR A8 T AR JLIRE . IEFEHb A T3

with open("myfile.txt") as f:
for line in f:
print (line, end="")

PR ATSE B2, AR eI A RS M, 5 f AL P ARk, RO R D)
TERI PG E R SCpE R E —
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CHAPTER 9

Class (¥g[E])

Class $2 (it 7" — R4 £ EOR L) RERY T-Be o B —( class 1§ €l — (AW I R E (rype), [EIH ARRFEL R
[EV 1 5 190 (instance). B8 class LG T DAYER —SE4dra% 2 IR BB 1 1 (attribute). Class £t 0] DA
—28 (Hy L class PriEsgiY) method (J59%), JHMESGEZ I HIRIRAE .

M A AR FE S ML, Python (1Y class #HI[E] class 38 T e/ D BisiiE IRFE & . iR A& T C++ Al Modula-3
i class |, Python [y class $ft T A W& i #2551 (Object Oriented Programrnmg) WA SR class
MR A3 22 M base class (ELJFEHAE]) , —1# derived class (fi74%8E]) T PAZE 2 (override) H: base class [1¥
{47 method , H.—1{f method R] DA AH [F] 4 44 R 1Y . base class [ method . )14 T DAGL &5 AF 7 Bl o AT T T
KR ﬁﬂ [FBE4H—FK, class (L HA7 Python B RERENE : MMMFERATI (runtime) P77, H W PATEEE ST
Z BB

TE C++ ARG, class A (AEERME) BEARSAMN (B TATREZ: 28 %%), mira i
BN R ERR . QE7E Modula-3 H1—Ffk, Python [FIEA AL 2 7T PARE #9114 ) method l%ﬁﬁ,ﬁ\ﬁiﬁi
method pF = EL—{H SN (explicit) . 55— RM A5 UG E 4y, 10 065 | MU AR 1Y Ry BE 4 (implicitly)
WA, AnfEFE Smalltak H1, class #R214, 1E[E import 2 #E iy ZHAL T 85 . A% C++ Al Modula-3,
Pyhon [EJ# (¥ Z4[ET AT AR F 2 DA base class I A HABHE 7T (extension). 73 4h, ilﬂl_‘lf C++ 11, ﬁ%%ﬁﬁ%%
EFEEr EdEEE 7 (BAGER 1. M%) #rTPAET class B4 4 EH B 5.

(EiaﬁA-iﬁj%z%ﬁ EF 2 M ARTRE AR ol class, FRARAT & (61 Smalltalk #1 C++ i #H7HE. T & (1] Modula-3 F#f
i, HEEEH C++ HHzIE Python E@%ﬁ:gymm = (HIRTE RS e EE T,

9.1 FARaREEYHFI—EEE

YA B RS (individuality), H 242 # (YEzTEWFJﬂEE(SCOPC)) A DABGEZE B A . B S
i FBEIEI4 (aliasing). #)YK3%M# Python Wil & A Syt B E 4, e PR nT 8 i ELATIE) (3. 7.
tuple) W, ‘Bl PAZE4 2%, SR, BRESH AT g (4N list (H%1)). dictionary (F-81). FIKZ
HHARZRE]) ) Python B MBRER T, W RE & A RAMIBIER . Bl H A RN, III%T ST
BIHR 542 (pointer) ., S2(I2R(E), FEECIEREEE — YRR, WERAFEGEE; BRamsu T
—{EEES | SRR 4, PR RS (caller) BEIE] RF]5E Lk s =]
TEME R TR .

e
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9.2 Python {Ef1E (Scope) K &&= (Namespace)

TENEE class 2 Fi, FREIEEFRIR—LE B A Python 1E FHIs A0 #HLHI . Class definition (BE[E)EFE) DAGN4 25 [
%IET SRR TG, TARTR B T R TRy 44 25 T A E A BE S B PR AR EAE B AR R . A 3R,
A 3 1 3 R ) R A A B Python R 3XERTHRTER 2 RA IR .

AR — L FF A -

@‘Z?‘_Fﬂ‘]%%%ﬁﬂ%#%@%% Koy i 43 25 B BUAEH J& LA Python (1 dictionary B, (HIEH A ’E"‘E’U\
A ABEAE (KR THERE) . HE W REETEARM S . fr A =SB T4 DA RRES (S abs (
WpRst, FEER IS4 RE) ; 1‘%@*‘%%@6 (global) 47 ; HI7E & i ] A9l (local) 447 - %ﬁﬁéﬁt
PiE b B M At B — A a4 231 . B R A S AR I, A llay s F'EJ'?E’J%@;ZFEJI%I
AL SOPRE, WA — BRI BAAR AT AE 3 maximize XA ERE AR
[EVe b 48 (prefix) HEAH 44 F o

JE A4, PR B 1% (attribute) BT, HAASE (dot) & AL M AR —— i, EHEAXFW 2. real,
real EYIM z —(HB M. Btk RE, B4 A2 IR S BIES R 755853 modname . funcname
H1, modname JEMAYI M funcname FE K EME. EEEEET, SRS HEFIAL & A0 22
BETS A — 0 B R S A L= T AR A g s 1 !

BT DU M S T E R, ERENEET, HEERER RN BABERTER: RS
modname.the_answer = 42, A[E @MW ATPAH del B [E. FI41, del modname.the_answer
s 1% 4 [F] modname (AP EIE B the_answer,

144 25 HAE AN [ e 2 e sr, [ELHAT AR 75 . % Python ERRaREIBIIRE , S (EVEA R iy 44 2 W vk
gy, [EH s A TR . RBHE RGN, AR ahlar 2 =R el —REET, B
A 23 ML G RS ELREAR A . WL PR Y TR S ) (top-level invocation) SUATHYBOAR, A e EIAAE 2
BB e BB PR, SR E—EEE __main_ WAL, FILEMEA HORAEEG4
2 (.@%$§EWL1EZ?T~1EI$E£E¢ EWRE builtins,)

BRI 1y 44 25 T S e Y o s 7 1, s e R [e] B8 T R AE s PR B B AN, b 2 5
M e . (8 IVKJ:, SRR TR A R ) B, BHHEIEERE A (recursive invocation)
A H O B4 2

RS Pythonﬁiwjﬂﬁ i SCAR B, (textual region), TEMGEEIK, 4% 2 M@ ol BRI . BERY [H]
HEAR ] BEE, H— AR E 2 (unqualified reference) A RAYE iy 44 25 W [ Bl 4R34 4 F

EVE A D EE , HEM S8 @i e . R ErEeeHEE, #Sef 3 54 maR
AP I, Hedi 44 25 ]2 ] DARICEL e A By -

o EEMEMEL, RIS, MEay T EEAHE

o AEAT 41 E B (enclosing function) F1E I, 18 i i MR VR B iR 18 48, B4 T JEIR IR (non-
local) F14E4x35 (non-global) 14 F

o [RISCE TARAE A, R TR I A el A A
o BOMIMIEEL (REER), 2RI GHS 2w

IR 2 R pl A E At FI) A 114 22 F 0 R (18 Wl ) S A A 4 Tl A ) v P P e o B2 a4
KIEVEH%EW\%?E@JE’J“%I A[PAfE ] nonlocal Biids; wniRARLLss 3 EA ¥ = 45 (E nonlocal, HI'E M
E.zeﬂ)’EE%E’J (Bl AE ey st B 2 e yr i E)E i 1 T s (E) e 7 — 1 3 g Wt s o IT]@EI’J&]\W“%IEU%E%
Z“éz“ﬁ

WE, BEBEREGSE (CURE) &R s G, 768 XNE, Eﬁ(’ﬁ)ﬂiﬂéﬁé%?ﬁﬁiﬁ%ﬁﬁﬁﬁ
M s BAN G425 M. 2R, Class definition & 7€ W3 F A8 i & 5 — a2 25

UG, B A R, REE __dict_, EIEH R BRI Ay 4 a5 MR dictionary; __dict__ M4
MEE%@ AR ARG BR, 0 M MR I dr 42 25 BEVERI AL, T RERZ A R IR 548 R 8545 (post-mortem debugger) 2.
i [l
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BB T, AE RS HSCARE R R e e R a R, A/ A S s Al a2 25 R, e
PR R AT R Bk AAHEIE gl . 55— T, 44 AR B8 2 7E AT R (run time) B 78 52 )
F2, sha sk, Em7E [ 4] K (compile time) [)[FIRE & FRARMT (static name resolution), JirPA
RELRMKHAAE) R824 FEAEAT (dynamic name resolution)! (FHE I, Jeiffs i &2 EREHIpEE)E . )

—{[ Python HAFRFEN R WEA global 5§ nonlocal PIAINHIRIRE— & FEAYIR(E (assignment) #
G EEERA . BEASGEESR M et fass; E k. Egde—k: Bt del x
EE I IS A 2 S RS IR = fBEs . SHECL, 5IAH A RN T AR B fE e 452
import BAZAIEA B, ) Ve B A AL ok R 044 7

global BOAR AT VAN AR SR E 53 MUAA G A A T, R B A BRI nonlocal BOAXFIR
REE SO AR AN A FEED, Mz T 40 EIR(E

9.2.1 {EREBfIHA=RIAITEHI
S — A, R 2 WK R 1 A4 250, DA global Al nonlocal HIfTH Sy shse:

def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"

def do_global() :
global spam

spam = "global spam"
spam = "test spam"
do_local ()
print ("After local assignment:", spam)
do_nonlocal ()
print ("After nonlocal assignment:", spam)
do_global ()
print ("After global assignment:", spam)

scope_test ()
print ("In global scope:", spam)

5 B RS A i 1 2

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

e, BBAME (FEREE) A erokss scope_test ¥ spam [P)5Hi%s . nonlocal BYHILEE T scope_test %} spam
[E4S , T global BR{E M TR IR 1)E4S .

PREFABEBE, 7E global fAZ T, [EVA ¥ spam i .

9.2. Python {EF1d (Scope) R &&=z (Namespace) 73
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9.3 ¥R class
Class [FUH— S 1036, MFMWIEEE, DAK—HeiEE.

9.3.1 Class definition (2F[5E3) Eix

Class definition 5 & LAY AR :

class ClassName:
<statement-1>

<statement-N>

Class definition, W1[A]pKz0EFE (def BIAR), WHEEE A TTFEREICHAT. (MR PAREAZHE class definition
HE—8 if BoRA s, siERE. )

TEEAERE, class definition [FIfBAR M # @2 mze sg, (MR M Rd, AReRA A R MHR
#%ern #)EE. Class H R E Sl & — (BRI 5 1 8 £, BUE)R method fr)Ifny 18 i ——F—
WHb, EAFEER AR

B class definition, —{H i v 44 45 P Erpl sy, (B ELARE SR A —— R0k, By [ s s it (i
MM A E BT A S, dFEE, K e e s B A B R 2 R

B (145 ) BB class definition IFf, —1l class @ didr . KA B2 2E 8% (wrapper), %
2 class definition # 7 (1) dr 44 25 [IEVZ ;. FRAMAE T — 85 S0 T f# class )44 . JE AR RISAE IS (ZE1A

class definition 2 {ij &L AR IAE IR ) €18, FEIL class Y114 & #iHi 45 3 class definition AZ25H H1 45 H A class 44
i (#E#45) P E] cClassName),

9.3.2 Class ¥4

Class YF 1B Wit EE . & 22 18 (attribute reference) F1E {54k (instantiation),

B b % BT Python P T B 1 2 BRI BRHEREYE : obj . name, RN EMEATZ class PRI K, class
a4 = R ITa B4R, ITRA, TR class definition B AUREFE :

class MyClass:
""nA simple example class"""
i = 12345

def f(self):
return 'hello world'

HBEI MyClass.i Ml MyClass. £ #REAREAE S R, €2 E ] m— s X414, Class Bt
AT LABEHRUR (assign), JFrPAGRAT DA B(E M3 MyClass . i IfH. __doc__ @ — A% @, grhlf
J& %% class BEIH] 25 (docstring): "A simple example class",

Class & ) /0 ] 7 e 3503 (function notation), % class #)f e —HEG 280 K, & FE-— BT
class EHl. Flan (EE iR class)

x = MyClass ()

ST class P—MEHTE ), [EV I FSEURAS (B B %
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FOMLIER ([0E ] —f# class Y1) @@ —H=HYIF. L class HEAEE YRGB RTHRE
BIRIIRARRE . PHIL, class FTPAE SR —MAE __init () MFFE method, fRiEFk:

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

H class EF T __init_ () method, class BB L EE A class HHIEHBFAM __init O . FAfEE
MEEGI b, — B . R AR BB mT DA AN A A5

x = MyClass ()

WAk, __init_ () method W[REEI T 2R A S B, FEEMEIGET, B4 class BHLEF RIS #
GrOEIEL _ init (). B4

>>> class Complex:

def _ init_ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> x.r, X.1
(3.0, —-4.5)

9.3.3 EfIMH

BIAE, IR Al PR E G147 B OIRE R ME—E R R B S . A WEA BT &
B} M (data attribute) F1 method.

Data attributes correspond to “instance variables” in Smalltalk, and to “data members” in C++. Data attributes need not
be declared; like local variables, they spring into existence when they are first assigned to. For example, if x is the instance
of MyClass created above, the following piece of code will print the value 1 6, without leaving a trace:

x.counter = 1

while x.counter < 10:
x.counter = x.counter * 2

print (x.counter)

del x.counter

B — B M2 W2 method . Method J&—1# [ &) WFngeast. (X Python 1, #73% method [FIAR 2
class BB Fr@ A 1y« HAlY R E AT DA method, AN, list 4){4: .45 RE(E] append. insert, remove, sort %%
ethoc;o B2, fETrmmET, FMHHHEE method HCH P RIR class E B method, BRAES: A HIHE
FIH.

B 14 )45 3L method & FEEUEIAHL class. RIEESE, MM class HETA R DEEE, wiEs: T 6l
Y% E method. FrPAZEFRMBGHI 7, x. £ &A% method £ 1, MyClass.f @& —fHEKz, H
x.iA~E, MyClass.i AN&E. {H x.f Bl MyClass.f B2 A—H——E 2 method ¥htF, TIANE
R

9.3. ¥R class 75
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9.3.4 Method ¥3i%

%, — i method YEE A b B gy :

x.£()

FE MyClass BT, S EEFE ' hello world’. R, EIEMG EESTEIFEI]—F method: x.f &
—{f method #{4, [EIE AT AREEERGEAE, Z BAEpen], 2pisRE:

xf = x.f
while True:
print (xf())

HEFEE I hello world HE| Ky,

w5 —fl method HIFIYIREST T & 88 A AHEIE? (R REC AR S x. £ O P REEVG R 5 13, B8 £ O
(¥ eR E Fe A e — AT | SRS o A T A R — R R | e e SO e 1 (A 48 A4 5 |
Python %@%]%ﬁfﬂﬁl\iﬂ{”ﬁ%%lﬁigﬁ%tﬁ%ﬁ‘iﬁ)ﬂ..-

FE L, RTREE AR T % method B’JfFﬁSkZFET 75(\, FOI ARl =X i 56— (85 | ki (A . e
MBI, x. £ L@H}HLI%I_JB"MYCMSS £ *ﬂi%- WEIY—{fA n 5| B method, 55 [F]
JATEY —{E R 3, H5 [ #513K (argument list) @&._LEEF, LR — 85 | BRI A% method HYEL B4

WERARIIRAR T fi# method JEEREAE, FH IR E/EWREEIERE — 2o, & — B O 0 R E Mg 2 Ik,
% EPIRY class SR . WA RS AR class B, M H 2 — W&, Bl—1 method ¥y {-€r
BEEES, ESLR R RERITE (F8m) s B R iR B i ek =, TR B
method 4. & method {42473 — M5 | BH WPy, B —{REHT 5 | 35000 26 & 18 BE 00 (R A% 5 | B9
R, TR R S DAE R 5 | 30 gy

9.3.5 Class &l &y
I, FEB ST G PEG B Ok, T class SRR class 97 BE 1L SEA HE R method

class Dog:

kind = 'canine' # class variable shared by all instances
def = init_ (self, name):
self.name = name # instance variable unique to each instance
>>> d = Dog('Fido")
>>> e = Dog('Buddy")
>>> d.kind # shared by all dogs
'canine'
>>> e.kind # shared by all dogs
'canine'
>>> d.name # unique to d
'Fido'
>>> e.name # unique to e
'Buddy'’

NI 75 6 sy v o — Bs i wtam . LM GRS Bomutable W4, A list Al dictionary, W] i &r[EIA:
HOMGE A, BEIHKE), FHREAENY micks list AN PEZVER—MH class S8, RIERE A list 34 E bl T A 11
DOg E:Tﬁ]ﬁ)?/\%
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class Dog:
tricks = [] # mistaken use of a class variable

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

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

>>> d.add_trick('roll over')

>>> e.add_trick('play dead')

>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']

IERERY class 5% i RZ (i FH 87 11 5t -

class Dog:

def _ init_ (self, name):
self.name = name
self.tricks = [] # creates a new empty list for each dog

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy')

>>> d.add_trick('roll over')
>>> e.add_trick('play dead")
>>> d.tricks

['roll over']

>>> e.tricks

['play dead']

9.4 FEEMHL

TSR o A 4 ) e B — R B PR — {1 class o, R PR 4R B DA [EME S

>>> class Warehouse:

purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

>>> print (wl.purpose, wl.region)
storage west

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east

HORLE 1 ] BERE method BUR B — AN (T&El) T2, tt@lE), class ANal AR EE1EARE
g g R AE. S99, 7E Python shEVEEMMIRERY Tk, WIEIHIBERIE R E#b e R Ee. (55—

9.4. FAEHMHD 77
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JiTl, A C %3 R Python {4 HT DASE 4 R MU AEAN i [ AL IR I RO AFIG 58 T ABRA C S ES Y
Python fHFEFT 1 . )

e VR L B P SR P ¢ EV T DA EDRE B A0 SR, TS T method 44560 R 52
Veo YERE, VT DU R0 ORI HE S SERIMI L, RS 8 method (O CHE, HLBEBESR 44 R
GEMIAT—— U, 4 BT DL T A R A

15 method 12 i SR E (53N method!) PV ATASAY . 0488 EI4 1A T method fyTETAE : e
[EVEE method I, (EVAN frifLif I s A 2 55

EE, AR | BAEE self. BRI G self E{H4 7% Python SKIEISE&EHRFENY
B, HEER, WURARLIREG], IRARECHS n] A HAD Python RSt AIZRIEMIEIMERAR, sLoh, dn]
DAL — 18T RE PR A L AL T 3 55 14 class (E15E 25 (browser) #23.

AR —fBFEE] class J& P41 pR s EBE% class B BB EFE T — AT ME) method., pRzUEFRA—E BALGLE
class definition [ SCAS T B e IS B4 class H ) [ dak s st 2 v DAY . B

# Function defined outside the class
def fl(self, x, vy):
return min(x, x+y)

class C:
f = f1

def g(self):
return 'hello world'

h =g

BIAE £. g Ml h #BAE class C (JEME, EFEmMED0E, FroAEME IS class C BB method
AR, TR, EEMEeEEE N ez Re s n s | R

Method 7] PAZEHI {#i Ff] self 5| %19 method &1, WY Al method:

2
h Bl g 25

class Bag:
def _ init_ (self):
self.data = []

def add(self, x):
self.data.append(x)

def addtwice(self, x):
self.add(x)
self.add (x)

Method W] DA B — 5 o O ] 1475 X 2 IR 43 4% . S method AH BRIV I, it B 5 L S e
Ao (class R AN EHHEAISAE I ) BESR AIARATE method P8 I 4xIsCE0RH SE 70 B, (H4isi
AT A 2 A - HeorE), # import 224t A FIk Y ek sURISEAE, 7T DA method DA KCAERZ AR Ik
HHE SR R U class FIFEE . T, £ method #Y class, ‘BEZR Sl e i€ F7E & (4 VR e, 76~ —Hi,
F 5% 2| method FEE 2 IE H TR class By— 247 I

BHEEA M, ROCER R 1 class, W] DARREIE ) type (R [E]). EPA object.__class__ #f
b AT
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9.5 #% (Inheritance)

WK, WREAG R, [class] B HHES Hr O EAREE] class. —1 derived class (f724E8F]) &%
HI R AR AU

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

# %% BaseClassName #f & Fe ) 1E IR ZE f& 045 derived class 5 FRAIME IR . B0 base class (L FEHHE])
W28, HHEMEENER O AT SaRAM, G, 5 base class Z7E 5 —EBH 9 &+
fif :

class DerivedClassName (modname.BaseClassName) :

AT derived class & IR, HLELTT base class MH[F]. & class P19 AR, base class @rgmefl. &2 AR
TP 2 B R — R R ) B8 1 e % class PR E, I 42 4HF base class 1484 . 4% base class
A G AT A class, I a8 I € g [k e F .

B derived class I EHIALEIEAHHEZ & : DerivedClassName () & @573% class i)— T E %], Method

W2 IRPRATAN S - PR class BETEE RS, WIPRTFE, T3 base class FUAREWE T E, WREELET
—fEH R, H3% method 1192 BEH RN .

Derived class 1] DA 75 55 H base class [ method., method £ M ] — {414 HoAth method WEEAT 4RI 45
BE, LA base class [f—1{1 method 7EFF YA 7] base class H1 g F& 1Y 7 — 1 method IRF, $5 0] fE €Iy 2| —
78 55 &2 ) derived class HTf{) method., (45 C++ FExX k51 fili: Python H 4 method EFE F#Z virtual,)

—AE7E derived class % %5 1) method W §E = B I & AL L4 70 1 JF B 40 B base class H1 A [7] 24 11 method.,
FLH PEENY base class 1) method A — 1 f B8 (%) 5 s HEELIFENY BaseClassName.methodname (self,
arguments) . & A R EFNAEA H. G, HATE base class TEAIHAMEHE AT DL BaseClassName
BEAFIURE, BTEA AR )

Python 4 74 1A [V b 5 DA T A 47K -

o fif] isinstance () HEr—AEHIMWEE]: isinstance (obj, int) HATF obj._ class_ &
int BfTHE int B, &RA G True.

o f#iff]l issubclass () H|H class 457K : issubclass (bool, int) 42 True, bool J& int 1Y
subclass ( T-#H[E]). {H)2, issubclass (float, int) j&False, float [EIf 42 int [ subclass.

9.5.1 ZEH X
Python 1, B Z EARKA . —{FG £ 1§ base class | class definition F LR BEHET

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

FERZHEET, s ETE, RarpbEkk 8%, B8R H parent class (RBHE]) mEgk, Hig
FEAE: wWEERg. AR A, L EEEENMF class TOREER S, Hi, BRuh— @8 ke
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DerivedClassName EJF ¥ E], AlfE Basel a1, 3% (GEEHL) £ Basel [ base class T, &
WA E) X E BN 105G, &7 Base2 #a, KILEHHE.

FE L, ERMEME—2; method FMNTIET 2By REHIEE Y, DASCIR Y super O WATEREM . &8y =U7E
HAt i) 22 EAREEF 1, ARENF IR —{# )7 % (call-next-method), HHL7E ¥ —#8/KHH 7 "% super call (B
) A EEK.

FREHE 2B, WIEZ E R A TS ERR R — s 2 22 HIE] (H % />—1{i parent class 7] AT
JiCJE class 37538 2 [ B ARAEEL) . BN, A 1Y class #R4E7K H object , R T & ALK 55 AR AL T2 (M
| object MYEEE. [ElT 6 base class #{Z2 IR AFHL, B REGH TR DAIE 260y 248 I 7 [EE AL (linearize) :
PREAEEAA class Hd e e 22 B4 W IE)T 3843 {B parent H g iFaL—k . i F BL57 1% (monotonic) 77 (BEE,
—{[ class A DA% subclassed (FHHENL ), WA €5 2L parent {YIF BT ). 402, 8 SR st il &
YA . AL EERD class IEIA fE. L&, 55 R https://www.python.org/download/releases/2.3/mro/

9.6 FAREE

[FAA ] (private) FEHI5E %, TR ANLEY) HERE VAU S8, 51E Python R NAFAEN) . HE, K%
# Python ()RR RESF—MME G wisEE—MEEWM A F (0 _spam) JEHE APL (R )
[4EA4 (non-public) #4r (#E e 2. HIESURERIEA) . SHE— M EEAE, WaFE, IR
AATIEAL.

WES class AL (1 BUR EL AT — (A 2400 P ) (ET3BE65 44 B subclass 5 3600 44 ARETSS) . MM Bl A7 e 7 —
R BRI 3% ﬁ;} name mangling (@ﬁi@ﬁﬂﬁ) Eﬁ”‘%ﬁ —_Spam (i’/l\m@ﬁﬁﬁﬂl:ﬁlﬁ, w2
bR RED) P14 B (dentifier) €4 SCAHIF(EIE] _classname  spam, fEM classname i Zdi
B T EER BT class £ 8. RIS B HETE class E IS TE A, B EEAE &Y% R EE
PEE W EE R 5E 0

4 A6 B %172 38 subclass 75 25 method i /S B #38E class [FI351) method WY, B EBIRY . 226 2(E:

class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update (iterable)

def update(self, iterable):
for item in iterable:
self.items_list.append(item)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

def update(self, keys, values):
# provides new signature for update ()
# but does not break __init__ ()
for item in zip (keys, values):
self.items_list.append(item)

L, B TE MappingSubclass #HIIA __update skEIFF, WAEIEFENE, HIE#E Mapping
class W, B & ¢ # [F[F] _Mapping_ update, i fE MappingSubclass class H, T & gt % [F [E)
_MappingSubclass___update,

AR, BRI R ET AGRE  RAN s BT T BRI EUE i — R st DAL A R . B ERATEE MR
FREMRA N, BIANTERRSE A (debugger).

FAMIE R, HIEL exec () B eval () RN EIEF T class (194 FEAREE Y class; &A1 global
BRI A RO EALL, 5% RO TR RR A3 PR A FE B 5 TC A 4 s 4% (byte-compiled) AYAE G [a] 6k i RIS il 5 A iR
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getattr (), setattr() fldelattr (), PANMBEIZESME _ dict_ K,

9.7 #3788

TR — R, LR Pascal 1) [record| Bf C 4 [struct]), W DAKE— 2647 44 RE 1Y) ORI E H 1040 7E—
i, ARMEEERA M. HE M2 HM class definition 5 7] AT :

class Employee:
pass

john = Employee () # Create an empty employee record

# Fill the fields of the record
john.name 'John Doe'
john.dept !
john.salary = 1000

computer lab'

2R PR A 5 R EN Y — B Python R, RS RELAMBLE—(# class SR, I class Bitheas Bk H(E)
M Z T method. BIAN, ARMRA KX, EERE—AEEWIEAAS SR ER, (RET EsR— A
read () fll readline () method { class {EEVEF A, (5 H R E mBUT ROk, [EHARES ok HhE .

LB method W)L AAEYE: m.__self @A method m () MEHIYI(:, Mim. __func__ HIZ%
method FIr ¥} 1 el =X 14

9.8 [F#t28 (Iterator)

FIHAIELL, JRATREC RS RS 3R 2 M) 75 &% (container) PRI AT £or BOAR A TEIRE -

for element in [1, 2, 37:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1, 'two':2}:
print (key)

for char in "123":
print (char)

for line in open("myfile.txt"):
print (line, end='")

AT HURRE T Ay . EMCERA 6 FZE Python W R nl RUHL VA — 3. EH#MR, for PR G
Rate B iter O o R EEHERISYE, YA EFR T __next__ () method, Ifij it method
GBI CE . HICEMFENF, __next_ () j#¥5]¥f stopIteration fi4h, AGHAN for &K1k
(IR . AT PAGE A E) e 28 next () ZRIENY __next_ () method; &G TR T EAEE:

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>
>>> next (it)

'al

>>> next (it)

lbl

>>> next (it)

(Rt
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(R —H)

e
>>> next (it)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
next (it)
Stoplteration

FBER 2 sl f% , EIRK class IAERZSHFTEMMRES T €5 _iter_ () method
A nME-—(HAH _ _next_ () method B4, MR class LEFK T __next_ (), H] _iter_ () A[PAR
[o]fE self:

class Reverse:
"""Tterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len (data)

def _ iter_(self):
return self

def _ next_ (self):
if self.index ==
raise StopIteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse ('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

[ I BN TRNE= R

9.9 [[|4 2% (Generator)

[E1 2 25 2 — 1 A g [EMR R 1 i B R ) TR e M S SRR B s X — Ak, (E e 22 [ 3 e
B, Gl vield BRiA. MRFEEA: RS LIFEN next () BF, &R LRBEFIRO BERENIT (s
A ERHE A B b —ME e A TR BRIAS) o PARBIBUR, A [EAE S T DA A 5 -

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datalindex]

>>> for char in reverse('golf'):
print (char)

(FIgkss)
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(R —H)

o
g

AT RT DA EVAE 2R AR 52 B 2, BE I DA class [E3EBEEMC 2R AR 52 1, A0 R mi— i i . sl ek g
A EENS RN E, _iter_ () Fl_next__ () method € BT .

73— B SRR VEAE RS, (I ORI A T IR R B e B P I 2 1] F BBl Ay B % ek K self.
index fl self.data g 5 B 7 XA 5 o e B E I .

B 1@ A B method AIfEAFREURAE, WA A 1L, EME @ 858 stopIteration. HLEHF
P ek, SIS RS R WL X — B A S

9.10 [F42E:EHEK

S SO B ) A= 8 1T DA R B X — ) FS R R A, B ) B A AL, list comprehension (FR A 42 A %),
BANEEFEE T AE 3558, 15 R U st A A E A= #5444 7 Bt 1 2K =X, (enclosing function) FF {5 A (115
E], EAEfSER B EIA g E s b, FEaUiRoRs i oh e, R0 list comprehension ¥ [E]
AR,

Biltn:

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'

>>> list(data[i] for i in range(len(data)-1, -1, -1))
[Vf', Vl', ’OV, ’gV]

1))
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cHaPTER 10

Python 1Z 4 i =\ EHL EE

101 fERZHHE

os BALFRHL 7 B SRS R B Ay R 2

>>> import os

>>> os.getcwd () # Return the current working directory

'C:\\Python39'

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

B import os Tk from os import *. jEifflEflE RFEAFE A EME2EEN os.open () B
[ElE gt open (),

FEME os AR BUSTHREETCE 60 dir O Flhelp () RIEHA M-

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

E H A H DB, shutil SR TS5 (M i wi S i -

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db'")
'archive.db'

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 {EX 2B Bt (File Wildcards)

glob FAHERME T — =T DA H & 7 oo h i REE AR RS

>>> import glob
>>> glob.glob ('*.py")
['primes.py', 'random.py', 'quote.py']

10.3 &/ IS8

18 TREAHE 2R M 0915 | . SEL85 3@ DA list (351)) TESNAEIUE sys BRI argy JEPET. 10
TEAT L FIAT python demo.py one two three A LATRHIHHATR:

>>> import sys
>>> print (sys.argv)
['demo.py', 'one', 'two', 'three']

argparse BLAFRML TR EEVR A AR M A 2515 1 8. PAREA T ER-—ER 2 M RAHE, B
FREEUR T

import argparse

parser = argparse.ArgumentParser (

prog='top',

description='Show top lines from each file')
parser.add_argument ('filenames', nargs='"+")
parser.add_argument ('-1', '--lines', type=int, default=10)
args = parser.parse_args ()
print (args)

 python top.py —-lines=5 alpha.txt beta.txt FEMOVIHITE, ZEAREGH args.lines &%
5, [E)4¥ args.filenames #%[F] ['alpha.txt', 'beta.txt'].,

104 ERBHEHNTREENRLE

sys BAW A stdin, stdout, F stderr ZEJEE, BEE stdout g BT8R, 1835 stderr R] ) H 250 5 5051

S

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

# R EA RN R R sys . exit ().
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10.5 FHENLLEH

re BEHFEHLIERIFRA (regular expression) ik i 7 5 i Lo 2 SR BREIAE RO LU 38 DA LB AFIRE, IERLROR
e i LA iR AL R

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1', 'cat in the the hat')

'cat in the hat'

WA TR B R, DIV AT LA RO (R BR ST, R AR B 11 method 2 HUBCHE Y -

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 B 4HR

math BAIRAL T C o 2R I i B O Yy e o

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

random BEALFR L T RS SR TH -

>>> import random

>>> random.choice (['apple', 'pear', 'banana'])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 1o, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

statistics BALIRML TR BE R RHE EA SRt (367, ool SEEHEE) b

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy % <https://scipy.org> [ A 722 8 w1 EAH B AR A .
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10.7 #HEEEH

Python H A5 3 22 A7 WA I DA % i FRAR B 1 o o e 8 B A PRI 9 B0 46 ur1lib. request AL DASEATHEIN
BUZORI AR smtplib ] DA SR 2FH 1

>>> from urllib.request import urlopen
>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt') as response:
for line in response:

line = line.decode () # Convert bytes to a str
if line.startswith('datetime') :
print (line.rstrip()) # Remove trailing newline

datetime: 2022-01-01T01:36:47.689215+00:00

>>> import smtplib

>>> server = smtplib.SMTP ('localhost')

>>> server.sendmail ('soothsayer@example.org', 'jcaesar@example.org',
"""To: jcaesar@example.org
From: soothsayer(@example.org

Beware the Ides of March.

n n)

>>> server.quit ()

(HERRER R ) 1 rh 7 e A AT — MR T 0 A2 - )

10.8 H HA B BF ]

datetime WIHFLHLEFZ class W DABRAE H DA KL Re 1], 788 BEAR EIAR A0 A . AR 3% H 301 BRI T 805, 1
BEVERY B A SR A R B AL S 8 S AL DA R4 . B R S 4% e [ [EV B

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("Sm-%d-%y. %d %b %Y is a %A on the &d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> pbirthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368
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10.9 FH[EH

BB AR R A DA S R A s AT L SR MORAL . 404 211D gzip.bz2, 1zma, zipfile PAJz tarfile,

>>> import zlib
>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)
>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979

10.10 3HEEEA

AL Python i F 5 ARAEL 1 AR 7)1 B AL AN [ B0 T k28 E22(E) . Python $20E TP AR AE2ZE MY T A,

RHIRE, HATTREGHE wple FFTEMEH A ES B E SR . tineit BN DUREH R

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"').timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1; b=2").timeit ()

0.54962537085770791

FHER timeit BUAHSRALEEMIKIEE, profile BIMPAK pstats BAHAIFRAL T —S7E KA AR AT
(BT el [ 4k P L 8t 1) [ B (time criitical section) (%) T.H .

10.11 REEE

FEE R AR — (R 735, R B R R A (R R B, DASCAE B AR rh SR B b i L2 el

doctest BB T —(H T I, Al EV R ERAG SCF BT M. 800 LA
EATEI AR R S . BB, EE e T, A doctes
AL R B B0 4 R S5

def average (values):
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

unittest AN doctest BHLBEMAS) , (2 ERRARAT ATE ) Sh— (AR 2[5 57 o 52 ey Bl e -
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import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):

self.assertEqual (average ([20, 30, 70]1), 40.0)
self.assertEqual (round (average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :

average ([])

with self.assertRaises (TypeError):
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

1012 F4EHEE

"Batteries included” Jg& Python {1yt ¥ 5% . & (W HL & T DAZB M B i KRB EME, BB EERIIRE, &K
FREIENRE . Bildn:

e xmlrpc.client Ml xmlrpc.server BB AR AL T/NE—BR . RASFFAE TR
ARRA, B PR E R T B XML,

o A E email B4R MIME FiEAth RFC 2822 #8834 a8 3c . AEIA smtplib FI
poplib iE S E BRI AR L BRI HUE AR AL, email BHEA W o8y T E 4, n] Ji i 7 B g (E)
ARG M (L ERESE) AR VR S 5 BB I o

o json Eff¥ JSON ERIAZERS b, $2ftEIRM 218, csv BALHIFRALE 335 CSV (LAESE
D TEERTE ERRE, BEEREME TRHIEEA X1 ) . xml.etree.ElementTree, xml.dom Bi
xml.sax BFRIZHE XML i)EH . 478G, BB LA g4k T Python fE I FR=CE HoAb T 2
2 g R A2 [E.

o sqllite3 A )2 SQLite ¥R pR A HE)— B 4E, #2040 AR AR EREE, ] DA RE A
HER) SQL FhYE AR B i 7T HOHTEL A L.

o HHFELIBEBALIA4, UF gettext, locale fll codecs &F&E{f,
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cHAPTER 11

Python 124 iR X E i B —— 55 — 7344

5 R R S 2 SR AR R T R A A . R SR AR A B/ NE A

11.1 &R {1t (Output Formatting)

reprlib BAHR AL T — M repr O BIMCA, HFTH AR R L A BRI sl I 1) SEAR A -

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
"{lal’ 'C', ldl, le|, lfl, lg|, ...}"

pprint A AR EVEA @ B2 AR e ER 2 B, (B HUR DA R v Al st HAS e
WA, [ERSER EIRE ] SoMmAEATRIAHE, VAT R R 4 -

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue']l]l]

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['green', 'red']l],
[['magenta', 'yellow'],
'blue']]]

textwrap BAHREEMFA M SCAR MBI, DARFOFE 2 I e R -

>>> import textwrap

>>> doc = """The wrap() method is just like fill() except that it returns
. a list of strings instead of one big string with newlines to separate
. the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))

(Rt
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(R —H)

The wrap () method is just like fill()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale FEALREAT B & A e SCIAN B EORHs s Bk R . locale #5241y format p&i 20— grouping J&
Pk, IR CAREM AT (group separator) s #1734k -

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_United States.1252")
'English United States.1252'

>>> conv = locale.localeconv () # get a mapping of conventions
>>> x = 1234567.8

>>> locale.format ("2d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv['currency_symbol'],

R conv|['frac digits'], x), grouping=True)
'$1,234,567.80"

11.2 #&E#R{t (Templating)

string ML — AL RER) Template class, @AM MLFETAE O 08 1 & 1A T AmERIE LI . B2 FF O
HREME E CHRE AR, ER D03 S e P Rl 5
ATy =R B E AT 5844 7 (placeholder name), ‘S $ II_EAr¥ARY Python REF (F-HE. BFHRIT IR

(E)) M. A CHE SR L LT 9% ASCRFFE R I3 b S 2 (W B A e i TR A A 23 . D st e
[FIEE—F T $:

>>> from string import Template

>>> t = Template ('S folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

W AE dictionary Bl BH 8§ 5 5| 0 oK B2 4 () A2 47 58 9 (6, B substitute () method % 5| %
KeyError. ¥HAT (4 #AE (mail-merge) KU ME AR, (& SR 4000 EORHE W R R RSB, LI
{fiffl safe_substitute () method € % —WIRERHE D, B GIRFHE AT

>>> t = Template ('Return the $item to Sowner.')
>>> d = dict (item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to S$Sowner.'

Template 1) subclass (F4HE)) TTRASEE B #TH /- FRAFSE (delimiter). B0, —{EAH 5 EVEEZHAHLIR FHi 6 4
Thie, WSS E S EEEAE 0. B i s s [ Ak -

>>> import time, os.path
>>> photofiles = ['img_1074.3jpg', 'img_1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = '%'

(FItakss)
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HEH L5

>>> fmt = input ('Enter rename style (%d-date %n-segnum —format) : ")
Enter rename style (%d-date %n—-segnum $f-format): Ashley_3%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' Sbsy ")
>>> for i, filename in enumerate (photofiles):

base, ext = os.path.splitext (filename)

newname = t.substitute (d=date, n=i, f=ext)

print (' —> '.format (filename, newname))

img_1074.jpg ——-> Ashley_0.7Jpg
img_1076.jpg ——-> Ashley_1.7pg
img_1077.jpg ——-> Ashley_2.7pg

AR 75— MR, R 2 b i A% A 0 B A Bt T PAE) XML AR A0
A HTML AR I 5T .

11.3 —i&E#Z £ #E HE (Binary Data Record Layouts)

struct BAHRAL T pack () Ml unpack () X, FREM B RERN ERRERR. LNHEFIER,
WHATEEAR ] zipfile BALAIEETT, A EREEE —(F ZIP #% % A9 428E &3 (header information), JEE#
FEZCHE wrn A1 T A EV 2 7 R R PR 57 TCAR ) SE4F 8 B (unsigned number). " <" FREMEEMER/N,
i i 7)vis (little-endian) {37 TCAHIE )T -

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range (3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header
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11.4 Z#{7# (Multi-threading)

AT — M 2R RNE P A (sequentially dependent) P25 (AT 5 A TR AR (decoupling) 4T, HAAT
BAET R PUATE, ZHATHE ] DA AR T R Bl i B S AR W ROBERE g . — (MBI I B2,
1 VO BIFIIRE , TE5 — (A THE AT R

PATT ISR T ) threading BAHNAITE S SEATAEBs, M0 3 A2 Rl RE AR LA T -

import threading, zipfile

class AsyncZip (threading.Thread) :
def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile
self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close()
print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip'")
background.start ()
print ('The main program continues to run in foreground.')

background. join () # Wait for the background task to finish
print ('Main program waited until background was done.')

ZATHIE AR R, T2 M R s IR B 1A% . (I, threading BEATHRAL T2
1 [ 2 B L E 4G9 7 (synchronization primitive), f358H (lock). {4 (event). 1&{4:%# &L (condition variable) /I
5¥[F) (semaphore).

[EaiE s THARER, (EA/NMNY RS T e 8- SE M A B R oA, (Rt i 8 v 2
TERTA 8RR AU T B B — AT A P AR BEI queue BT BT AR A2 B HABA TR ROR
ARG G Quene MIIFEATHAT AR I BRI AR, SRS IRt Sohmi. Hlse.

11.5 HIFIEE(F] (Logging)

logging BLAHR LTI RE A 4 HE bk A R E R 4. i iEET, HERUS &9k 2R

sys.stderr:

import logging
logging.debug ('Debugging information')
logging.info ('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')

logging.critical ('Critical error —-- shutting down')

EgEA AT

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error —- shutting down
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TEFERAEE, AR RE AN Sl s, Hoi Sl 986 BASEE S 35 (standard error) . HAt SR IEALHE
AR R B BT EF . BRI (datagram), AEE%IEEE (socket) B HTTP frl ik . i 45 vl AR ISR 1)
BIeER, BEANFEMEEH (routing) /72: DEBUG, INFO, WARNING, ERROR, Jt CRITICAL,

H [EIREE R A n] DA 0E Python FCEE, 0] DA BB BT 255 W] Aoty C B SR DAEA T 2 (B iy H [ERCED,
117 4 ZE 36 P AR A 5

11.6 555|F (Weak References)

Python € F B0 B HE (R 28 (412 51 (reference counting) (Bl F garbage collection 5K
PRI Z ) . S BARIEE R EAA, it et .

7 SR 2 O AR AR R EI R, (ELA 0 L 5 A R SR B Ay £ i i s B [ e . ]

2, EEEREEr, werdsr—MEE Mk AL (permanent) (2 M. weakref BIAHRHLH T AT
PAR AT 2 B R B B . B R PR R ZERE, B e H B — 555 | 3 (weakref table) thyifs Rk,

(IS5 | P4l {8 [l (callback). JLZH Y E I ELEE T A7 (cache) TIRLE AR B #5111 -

>>> import weakref, gc
>>> class A:
def _ init_ (self, value):
self.value = value
def _ repr_ (self):
return str (self.value)

>>> a

= A(10) # create a reference
>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
d['primary'] # entry was automatically removed
File "C:/python39/1ib/weakref.py", line 46, in __getitem___
o = self.datalkey] ()
KeyError: 'primary'

11.7 {EHM List iy TH

A2 BRI TR, AT DAEBE Y list ($R%1)) ZMEDIGNE . (H2, AR iR aE i & M
i 2SR AR

array SR T —(f array O ¥fF, B4R list, HRBERAFFER SR AR B, T s
J& R — R BfF 1551 (array), DATE (L CAH A MEAF5E itk B (unsigned binary numbers) [EJf #7507 (JEALAS(E
"H"), TI7E Python MY PRy IER list v, A JE H G # B 16 {7 oA :

>>> from array import array

>>> a = array('H', [4000, 10, 700, 222221])
>>> sum(a)

26932

(Rt
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(R —H)

>>> all:3]
array ('H', [10, 7001)

collections BT —ff deque () ¥4, BB list, HAEZMIA (append) F3# 1 (pop) H &
W, T A v R R 1 o 8 . R ) R B VEES (queue) AR B 48 S 1 559 (breadth first tree

search):

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft())
Handling taskl

unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m):
return m
unsearched. append (m)

B T RACH Tist TLAERASE, BRARHRAE T T H, Bl bisect B, HAREEHRAE sorted list (ELHER
1)) B

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, '"lua'), (500, 'python')]
>>> pbisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapq BALRML T —LepgsX, BEELHN IR list SREAVEHERR (heap). f/IMELIYIE H B ERFFEQL B . HY
—UERRZ YA RUR/INTER, ERE SRR List AT HEF O AR ORE), Ea A -

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 +3&#l (Decimal) FREER

decimal BLAHRML T —ff Decimal ¥R, FIRA-Tl il B Mo . MR IR ik HliF &8 £ loat
TR, #% class FREHE TR T oI5

o i il e JT R S HC A 5 S e (o2 1 R IE R T
o HHUETREIL (precision) FIFEH]

o PERIPUSE TN, DATN R VAT B B,

o JBEE R/ N7 8 (decimal place), =

o {51 B S B O A R BT TR SAA 0 T AR
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BN, ZRHE 70 250 FAEGT RN L S % [Ela iRt A otk i m R R B, SN [
Fo WRIEFHE SR & TS RHEGT N E5), W 2 E e g

>>> from decimal import *

>>> round (Decimal ('0.70") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

Decimal WYEST &R G OR B RARIZ , & MR BEAT T I8 280 o Bty 0o e 5 ) 9 B e A I 1A £ i o
ft. Decimal W] DATE BT THEAMSTR, DAk E] A 3 i B e v A 2 108 A (LR e R iy A

HERERY 2R V15 Decimal class BEIEIHLAT 3 e 7 B SHOA 380 PR A S R R R S5 e A -

>>> Decimal('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]1*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

decimal BAH AT HRALE S i 35200 2 EDRSHERE -

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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cHAPTER 12

i RiEREd

12.1 &4y

Python [ I A2 it & 1 BN TERZE R B A 2 (RIS A . PR A R % 6 5 S (1R o A 1) e =B
PRI (V3 M0 3 o] RE R S L MR IR SR b B 1E B2 3 11 R PR R AR A o SRR A A ) 1 P 438

BREA KT g 46—% Python B W] DATH 2 Ur A I HFE R 2R . W e AR A FF 28— R e i
E’J 1.0 HiR, A3 A A AR B 7522 2.0 i, FRELE BT RN 44 1.0 B2 2.0 #S @iz, PABURE A
TR .
Ry %2 Al —E(E# 3 5% (virtual environment), o i2—{W8 L &R, B B &S5 T H e AL
Python, DA —ZRIFBEKEM:.
T R R AR T AGE R TR g [ElgeER S . PART A TP SR Bl 1, E A AR A fEElHEA & B 2 iE
FerRsy, [FIH 2450 1.0 i, SR AR B BT DA H 59 /b 2.0 IR Ee R s . B2 E A B 75
SR e B AR 3.0 i, EEIN g 2R E AR A EREE.

12.2 B FRBR

e S A PR EM B B A BLAL I venv. venv JBH & 2 ARREEIUAS W BOFT A Y Python. ZL2 R
R BAAF A Python, KA LA # python3 B4 BRRE B2 (LAY Python.

e USRS, A5 B O T RORY A6 %, DATEVAR Gseript) 7 ven Al LA
FHIcH S

python3 -m venv tutorial-env

R tutorial-env NEFEWEE, BEES tutorial-env Ehlsk, [ H W &7E L &7 —{f4 Python
HAEmEA R R . DAROR F S IR A R A R
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[EERREE o R AR . venv, B 44 FRIE 3 @ % BORHICTEARAY shell HHRFFREL, PGB bRy 44
%;Miﬁ%;g*#%ﬁﬁéﬁﬁ WA AT R . B RERT IR B TR SER A . env BRETEAMUE
(SR

— HARES T HEREEE, R AEEE.
1E Windows Z&&EH,

’tutorialfenv\Scripts\activate.bat

£ Unix 3 MacOS Z& %%, i/ :

’source tutorial-env/bin/activate

(iE Be A2 Ui 5 Y bash shell, #1344k J2 ] esh B(# £ish shell, JEH ffi I #0H) activate.csh Hi
activate. fish [FI7,)

(V% (ETHBE B85 i 52 k1Y) shell $i7n o0 ARBUR AR IETE (G iR . [ HLAS OB ARRARTE AT python
(R IRF B ] AT 2145 %E ¥ Python filt4s, 140

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

[''", '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

123 H pip EEEH

AR A — A i pip AR AL 4. THUAFEBR . pip FHBLE 1L Python Package Index <https:
/lpypi.org> ZHEEN . AT AZE B (R4 F [E)E 27 )% Python Package Index.

pip BIF#%MT452: “install”, “uninstall”, “freeze” Z5%%, (B]PAZ % installing-index 3555, KEUE pip K58
HE[EIRH S )

VRAT DA 45 2 B 1F 4 T AL B RO A B

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

PR A] DA RS 44 R 2 AR b == RIS R o i A -

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—-any.whl
Installing collected packages: requests
Successfully installed requests—-2.6.0

FORIREHMATIIR S, pip GATERMAR QARG , RRAEHAM. AT DASRBEARTE i AA S
RZMA, B2 AAT pip install -—upgrade AUEEMTHR B T RA
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(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

pip uninstall R EE 2 HE 4 1] AR EHEERE R BB 1
pip show n PABUR—fFFE B &R

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

pip list GHUREHBEHREPITA CRLEINEN:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze NPAEIE M LHNERER, HEHEMH pip install nfRAFEAMHER, —H
W AR 2 HGE SRS BB requirements.txt AUREE:

(tutorial-env
(tutorial-env

pip freeze > requirements.txt
cat requirements.txt

$
$

requirements.txt AR A S, FHAEERE S g0 . HHEPAEHR install
-r A EN B

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip EHELIIAE. WPAS% installing-index $577, ARAFTEHN pip EHISCHF. WIREE T —MEAFER
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AHFF 2 Ar Python Package Index | ] DABUASHIRR, W] PAZ# distributing-index 3575 .
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cHAPTER 13

REA I REE L) 7

(ETRf A B2 m] REHG (EV 38 A0 1) Python () BiLER

G AR AT Python HCRETEBUE AR % h Bridil

YRR RZAEMIFETER 2 s £ g ?
AR Python SR —F4) o i SR HAB S 75

o library-index:

PRz ESDE S T, et ek (HRR) M5 R g8, w2 e o d E
Ao FFHERY Python B4 THUA & (0 & R 2 M INARAS . A US4 nl DAGHK Unix (546 . il HTTP 504G
R, EAERLE. TSI, e CGLAE. AR, MarZ HAbEs . EEmHEs%
FE AT AGAR 1 fif AT R LEAA T DA -

« installing-index: [ S fif fe8 41 2 HoAth Python {1 F 25 7 4 5 FAA5EAH o

» reference-index: Python FEVA KRR MFEAIEN] . 38 0 O ERTR AR e g enz g, EAEE— =
By e R 2 AR A -

T4 Python [1 &5 :

o https://www.python.org: Python [¥) =248, . BALS MG, SCAFASHAS 2 Python A B W AE E . 44
s B IR E A A A, GO B . H AL SR RR s SeR 480l o 5 € Lb 4l AR A s e, R
1 L B )52 R AR A B Hb BT

https://docs.python.org: i# 55 B Python f{) 34

https://pypi.org: Python £{4:25| (Python Package Index), 2 Hith#EIREE] Cheese Shop', [EJ48 T (i &
BR#E Python #i4H ) =5], EHEMUALAEEIM FEk. — B BHLAEEM BIAR IS, /R T DA B nd 1 i ()
E2)EEIE AL 53]

https://code.activestate.com/recipes/langs/python/: Python Cookbook & — A0 KRR AESE | SR
WS, BRI A S R EA . FREMEAS T 2 BRI g i 2 7E — 45 44 [F) Python Cookbook (O’
Reilly & Associates, ISBN 0-596-00797-3.) f{j&E£&h,

http://www.pyvideo.org FEHF il @ B FH 2 41 3R @S A2 B2 Python A B 8 L4

https:/scipy.org: The Scientific Python #5212 — i fu % HI 1 v it 1) JE SRR O 5S4, AR IR An D
PeACH. ASERE). JEEM RIS BRI E. SR TE - R ELE.

! [Cheese Shop (if2#]J%) ] /2 Monty Python f)—fE&iE . — (IR A —S0R A, , (A EibmEiRE, EesEES .
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#4772 Python AH B i 5 [ B B RE I, AT DASRIG BB BIREAL comp. lang. python, H#EMZH 2 python-
list@python.org [T 2717 B (mailing list). 5 R ALURITES 2 Ty B 6 DT, DR b ol 0l 80 H oo BB (R385 1 Bl e
B — M. BREAHAEFMER, #l (REE) M, @Eph e g BB, B5nHar
FEFE https://mail.python.org/pipermail/

FESRMGZ B, FhCHERR IR R LM (W REE) FAQ) & v BiEl. FAQ €[l 25 AR £ ki)
B, ARZ MEELE O mE R .

[Ef#
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cHAPTER 14

B B=NEI N\ AREE A1 s 5T D& (L

A SRR 14 Python 35 iy S 9 1 A LE) 25 174 A 11 JBE s s E) A5 (B (history substitution), J§{fb7E Korn shell
Al GNU Bash shell HiyZ)fiE. & H2fiE2H GNU Readline pRaURARE AR, & SCIR 2 M EHY s . & 15
AT A CRE Scr, fosERM A EE .

14.1 Tab & H &5t rk (Tab Completion) 0 sk 52 [[#§ 8 (History Editing)

TEH s EIB IR0t , S8 ORISR Ry E B o2 B Erl EL B EV , BrART DAM] Tab SEZRIFI 5 B) 56 ik
A BEER Python BRAN ARG, Rl I uiss By R ] B AR . BB string. a BB FHRIE
55 (dotted expression), ‘B & ¥ iRE—M . " ZHIRER AR, RERERERRYIEEME, AT HE)
SEMIER. R, AR —APIA __getattr__ () method (J73K), [MIRFSURRGER AR —HBG, &
BRTRE Er AT MR A SRR . RGO L BB AR s 8 SERCEV R AR PRI B 2 R e, —
fH&(E .python_history MAHEM . 76 F—KEE) B B)=UH AR, 35 20E S reERK R vT DA -

142 EBHXNEFSRNERTE

SRR R B L, EIRDIBER I B R — M ERR I (HiR A SR AW s WRae
TERRREN TR TR RS HFEER (TR (parser) HIHH F—T 2 75 LA HFERRL (indent token)) , AR EAE
T o BB SE S AT RE @ G E R A R . A Ao RERE (SR W, TSRS
SRAYPCHD, ARE e .

HMohgeEW BB X Emas B L, S8 Bigf, FE IPython, ‘& H7g Tab # HB5EM . ¥
PR R FHE RS R S st & 0. B PASE S EMLE A 2 Hopb e AR b S — RS g [E) 7
HEIREE, ARE bpython,
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cHAPTER 15

FRISUER - [ERE SRR

TERFAEENE T, 77858 (floating-point number) J& ABBI(E 2 (Titkfir) H/NEERIR. BIANE), 7Efikfi/)
W

’0.125 ‘

APAHE 1710 +2/100 + 5/1000, [RIEEHIIERE, /N

’0.00i ‘

T HAHE 072 + 0/4 + 1/8. 3 W /NECA AR Rl B, T P — ECIE AR [l AE A R AT L0, e bA 0t
(DA

ASERE, K2 A/ NIRRT A "I O NEEROR . — R AS R, i A r e (7 B U R
BB AR i 7 B O

TEA O, B P E A S W . DASM I 13 [V, AT DA H (B E it o N

E |

e PR S

’0.33 ‘

s, HIEL

’0.333 ‘

WULISE, e iR 2 DA/ NI, SR ISR IR BRI 2R 1/3, (BARE & REBOIGHORT e %
7~ 1/3,

FIRRITERE, AN IRIBUE A D AL BRoR e /N, e /Nl 0.1 FREETA R 3/ NORs i 3% . A
THEG/NE, 1710 g R AR N

0.0001100110011001100110011001100110011001100110011...
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HEARSEEAT A R38Rt RSB ME . MR Z A FHEM T, FEEE SR 030
WUy, Hrhar TR s m AR T BE, 1S3 AicFEm, A2 A ER 5 8. £F 1/10 1,
TN H(E 3602879701896397 / 2 ** 55, MiEkkiFE s TR, BT AZERE 1/10 FEIE
B

P B T, AR 2014 EEAT BB (R M. Python FLr H0 ity — M-I RCT ML, FLEM
T LR E R R DG E . Ak SRR, A1 Python JTAY & HD 5% 84
R, g AR SRR 0.1 eI, & I9 R E):

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

18— NI A R 2, BTA Python i (7 B BRAFHFE nT AR Z I, R TR & ARSI :

>>> 1 / 10
0.1

—E SO, MESR B R BT ARG HERY 110, (HELIE ARSI REFR I i Ry o, B
TS Y

AR, ARFZARE O, MR — @R A s fimE: #5012 fo.
10000000000000001 H 0.1000000000000000055511151231257827021181583404541015625,

#RH1 3602879701896397 / 2 ** 55 JrfBh. H i E =AW i 7 HofE 3k A R MR AT UE, AT AT — fﬁl%ﬁl
EAPT AR EBR , IR RFF eval (repr (x)) == x.

&5 |, Python (J42/R 7 JC (prompt) BL[EIE ) repr () pRal €548 FREIAPAH 17 ARG 0.
10000000000000001, 4 Python 3.1 fiZB4A, Python (FEREBAIFRS L) BIAERESERIH p i au i B EI R
IR E 0.1,

HEE', TE R LV B O T R RRNE, (EURZ Python (SRR (bug), FARZAR ﬁziﬁﬁ%’]é‘ﬂﬂ HERRE
it SCIRAE RN T B O S, Ao B R RRAG SERE  B R (BESRA 2e R RE 5 T@‘gﬁﬂ&%
[E], A 865 2 R AE A i B A G UR )

(ELRSEEPRER L, AR BEAR AT R A% 34 (string formatting) (1A B A 8007

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"'

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

W MHMREEMSE, EREERLD, BN —BL5E: REA EAE & A IR BE TR 7 89
18-

BEELEREGEIE T L8, S (E, 0.1 AREIER 1/10, {E=A8 0.1 (KEA N, A EELE
FEER 0.3:

>> .1 + .1 4+ .1 == .3
False

[F] IR 0.1 NEEFFEEHATRGERY 1710, 3274 0.3 REEFF B HIDRMERY 3/10, FSeH round () MAEAE
AEHED:

>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False
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HESR T AN G E A M RORS HERE, (A round O BRI A SRR AG BT R B, At —2¢, Ak§Hg
AR (B A58 15 T AL L

>>> round(.1 + .1 + .1, 10) == round (.3, 10)
True

T R IE A SR Z AR SN . A R70.17 B B TE R R PR — 9 T SRS B A
B ST A GITE TR AR RSN R E S N 4

i _ESCrARBInA, [a i MEEEG SN R. ] A, RS R EER.C! Python 1) float (772h
W) EERREE, e R R AR IR, MAER 2 MR L, BRI SR A @R 2453
2 1. SEERZ AR REIC KM 20, Epdastd, elEaEHeanEs, HAg—R float EHH ]
RE RS2 85 AR ZE .

Bl SR I B AR B AT SO, (HE RS ES, SRR H R R S R BN, AR A A
MO, IREUREEIRENEE R, str O BERPAER L Z0oR, ma s EmEEEf, T2
formatstrings 1Bt str. format () method (J5¥5) MIAE AR,

BINTERGMEEALFIREM MO, FTARE N decimal BE4H, BRI E 1R TR & w e AR B = b il B2
JEE P AR o (o7 S

73— SRR WESE A A (E) fractions M, ERTALENA BBOREEER (I DORRER R 1% 1/3
EHIECF) .

WER R B ) E T, RERZE — T NumPy &4, DAJ i SciPy SEFEBLRYFF 2 T R A 5t
FHEE A A . 55 2(E) <https:/scipy.org>,

HEFEREET, %R A a9 BAE— 0 foat (185 HE{EH, Python 42 it ¥y T H w] f# B) 3 M. float.
as_integer_ratio () method W] }§—1® float [F{H K RE4

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

IR % HE ARG HERY B n] AR P B o I AR (L -

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () method PAT/NHE(L (FEB(E) 16) I float, —HEATDAKS Hh R &6 H I ok 77 O 1A -

>>> x.hex ()
'0x1.921£f9f01b866ep+1"

TE G AR /N LR vk AT RS HE L B float {H:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

A 3% 3R Ve Y, BRI T ATE R [ BUAS Y Python 2 F AT S M6 80l (BSLRRSTG ), EELs
TR A HABEE T (41 JAVA F1 C99) AZ[E& k.

H—A AN THE nath. fsum () R/, BEAERTEARIRE RN EV RS HERE IR . 5 S (E g B8 A T iy
MEHERE, B EaBE [RZM A lost digits) ] . & P A BBCE S BEMERE R (overall accuracy), Hf3iR2EA
F i R HE 5 B AR -

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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15.1 RREIRZE (Representation Error)

AHAErREAARRE [0.1] #9617, [EEWIR A SR AR IR TRER 00T DAH B IRE a7
MR A BEATRR N E .

Representation error (F/R{EiR2E) RIGEEERNEY, AL (FBELREKEZH) i /NREAR GERS 1 DA
TN (REE2) NEFER. i85 Python (E( Perl, C. C++. JAVA. Fortran fIHABF 22 ) @ % A€ HERR
IR E e BT R .

EVHEE? PIE) 1/10 SR b —( —He BN R . B4 (2000 48 11 1) P BTSSR
IEEE-754 7 5 UE 5B, () FLAST- A 10T & #50A IEEE-754 B iy [ ®ERSE (double precision) | A8 (F]
Python { float, 754 double f147 53 (CHIKEEE, FTOATEMIARE, NS %5 30 0.1 EE AEETAY 41, DA
N BRI, BB J R (IR AL 53 RLTARRI. DL

’1 /10 ~= J / (2%*N) ‘
HHE:
’J ~= 2**N / 10

T AR J AAEHERY 53 o0 (B >= 2%*52 fH < 2*%*53), FrbA N BYRAEH{EZ 56:

>>> 2*%*52 <= 2%**56 // 10 < 2**53
True

BHY, B G 53 fic, 56 e N MME—{H. T J el TR B SR i AR R RTC

>>> g, r = divmod(2**56, 10)
>>> r
6

HURA AR O 10 (19—, BT AR R 1T (M e i i (o2 M 45 -

>>> g+l
7205759403792794

JIPA, 7E 754 SRET, 1/10 (e e :

’7205759403792794 / 2 ** 56 ‘

A5 TRV RERIBR DA, Er &4

’3602879701896397 / 2 ** 55 ‘

TR, BRI, BrPAE B L E 1710 KT B WRIRME AL, REUK Era BVt 110, 5
TEATATAEE R HOAN AT 245 a9 1/10!

FrOARE RS fe A E T&ES ] 1710 BERBIN 2 EARRRIES B, U2 B2 754 double fiefEiT{MA -

>>> 0.1 * 2 ** 55
3602879701896397.0

WA RZ I B DA 10#+55, JIT R AR BIRZAEL DA 55 {3 (i v UK -

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625
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BB+ E’J?F(E%(ﬁ#b*ﬂ“@{ i {H 0.1000000000000000055511151231257827021181583404541015625,
,\,ﬁﬁrnﬁﬂ’ﬁ@f@kﬁ, 2 uhs (55 Python [ iUAS ) BRI LS & A E 17 AR #:

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions Bl decimal #EgHEEM S L BB ER S

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

it [

16.1 EEiER

16.1.1 SERRETE

SRR AR, GRS A S SR EE R . BT, BRI RO EEA
ARG, EAE A R4 DA BB HUIRABR . (Hh except THITE try BRUAS P& B ] M ETE
TEEE N A RS, ) A LB R IR PR R, S BERTIRL; &5 MR ERA — o — st re i ke
HISE. FTA ISR A B ARSI 0 BERATHE O IE Rt sy AR

] FERFICEE R PO A T BT (%2 Control-C B Delete ) I AELR 1 3] 35 /R 5
e TEAR P TIERE P A — R BT, #7514 KeyboardInterrupt fi4h, (HAILATEIS try BRIAR RN,

16.1.2 T[#{ThY Python [l

YEH BSD 1) Unix #%; I, Python [EJARW DA AT, #R shell A, @I E LA TETT:

’#J/usr/bin/env python3.5

(I et ER) PATH ) 7EEAMBIAEAREE T, # 1 AR R T, 7
SIOPA b, AR Unix BUEAT C \n’ ) &5, TiAE Windows C \r\n’ ) [Ff7. #EE, 9
B 4 FE Python i BEAAEIR.

ATPAGE A chmod 5 - EVEIAHK T AT LA TR s HERR .

’$ chmod +x myscript.py

7 Windows R4 [, [E [WHATE] 9MERS. Python 224 & HE)M . py # 58 python . exe (]
A, S5 bk 5 Python B Z Mt & EEE 48T, BIREA WA LUR (pyw, FEEMEET, W Bl
BRI

! GNU Readline £ {4t [ 78 7 i €rBH k35— 2.
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16.1.3 EEIR[FEHIESE

FAR B M Python I, AR EVE) B R A AT — SO HERE DR AR 5 0 . AR ] DA B B B — M 44
PYTHONSTARTUP [{EIR S MR E B, e MusHEfomEEY . EryhEesE L) Unix shell 1)
.profile,

TE A 28 HFE B R, Python FEEIAS LRSS, MR AN @ g, & file: /dev/ity VEEIRS
A IAREAR A & (B HIRBIS G E B . BT R B XSS 2 s M AT, FIe e
FE L import (14 7] DATE BB A AN B @ L o VRt ] DATE S (AR SR 8% sys . ps1 fill sys.ps2
EPLRF I,

WA ARARE B B0 B B b i — B BB SR, R ATE 2R E B i 5 P A SRl if os.path.
isfile( ‘.pythonrc.py’ ): exec (open( ‘.pythonrc.py ) .read() WA EEMITE. w0
AR —EA v fff E AR 58, R ZEE (VA v H ffe b 3 R -

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 E[F1LiEH

Python $2 {1t T M(EIT (hook) EARAIVAY B &K([EML: sitecustomize fl usercustomize , TH BN
FELER, RE SR ZAR BRI site-packages (13 . [EJE) Python [Fhif 75z B =0 -

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

BAE, A e HE PRI —M4E usercustonize . py MR, EHEHEMEMERRARL . &
75 & Python [YARRIFI , FRAFE DA —s BIAEB) AZEH B B import .

sitecustomize WJIEME A, (H 5 2 i & K 04 # B e 438 site-packages H [FI'F Al #, [E7E
usercustomize ZJj import . BEEZAATH2(E site BN M.

I3
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>>> H B3 shell PFEE Python fe/R 5 0. H N RETE ELaAR 1 AL B 7 S\ AT i R U i 181
o ATDARIR:

o fE— MR R A IR . 7E— B UCACH) A E AT (delimiter, BIANSESE. TrHh9E. fE59EK
=519%) TR, SURTEHRE —RHEMRS (decorator) 2 4%, Z AREAGIRE, HE)SX shell BRI
¢ Python $27%°F JC.

o FZFE# Ellipsis,

2to3 —fHF{EHF Python 2.x FEsUAGE(EIE] Python 3.x FExASY TR, B2 it JEFLR TR 4 I AH 2 M AR I
BB, T SRR 2 RE 25 30 BT G i R F AT i A 1 2

2t03 FE R AMEHE R U DA 1ib2to3 B EfRMt T B LA N8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (G ERHEIE) R ERME (UREE ABC) 424t T —F @ N v, (EEduck-
nyping (WFHE]) Hw7e. HABEUREAT, %2 hasattr (), HIEESEMENA MR (5]
Nl JBEHAT )7 (magic method) ). ABC [EIF (B2 subclass (FH(E]), ‘EMEIRHEK H 75— class ($
[E)), {Afin] 4 isinstance () Jk issubclass () Filis w2 [E abe FAHMEIRA . Python 77 %
[ ABC, FIAERIEEHE (FF collections.abe #i8). B (¥£ numbers #i4H). i (FF io
H4L) I import AR HE AL (FE importlib.abe f#H). YRATLAME] abe BAHLHN H O ABC.

annotation ([EJf) — (MBS, class @M. pRzCAY 22 ik [ml (AR B B RO AEED . FRIEH, & AR AEE ype
hint (BIEHER) .

TEFEATIRF (runtime) , [ 30 588 8 (EVRR A VA AP I, (A A s 8. class J PR RIR UEV#R, & o[V
TEFERS4H . class IR __annotations_ R¥RE M.

#52(Elvariable annotation. function annotation. PEP 484 1 PEP 526, 5tz g Hhoh eI .
argument (51%0) IR ELESS funcrion (Bimethod) W(E.. 51 ¥CA MITE:

o M4EF 7| 8 (keyword argument): FERRZIFIY T, DAGREIS (identifier, U0 name=) BHHEMYE]#L,
B2 DA ** & dictionary (i) [ERE W EEAYS #. BN, 3 Al 5 #ZPAT complex () FEIY
) B SR | B
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

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

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

SIBCEr Bt i Ay ek s R P I A IS B, B SR A 2 AR B, 52 () calls Tofi. 7ERE
WEE, ARAE S ST AR RS — 5 | U ARl & i o2 A [ sk 2

st 2 BRER I parameer (Z90) H . & LHEET5 8RS 82 M 2E, Ak PEP 362,

asynchronous context manager (JEFRIZBI%EEPURS) — M vl PATE M asyne with BAR Jir RIBBE Y
F, MERBHER  aenter () Ml _aexit_ () method (J7¥%) Ay, h PEP 492 5| A,

asynchronous generator (JE[FRIZBEIA:RS)  — W & 8] Hasynchronous generator iterator (JE[F 2 EA 25 EILHE)
. BHERFG ML asyne def &M 2 6 =X (coroutine function), {H K2 E YT
yield @, BEEM—RFNIHR asyne for [EREMIMHE.
1B ATEE AR E R AR S BV g, (AR, AR FERER S EA BFIRE
(asynchronous generator iterator) . & — M FIEM R ERENERE, IO e mfiag, ARG,

—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.

asynchronous generator iterator (JERIZBEIE:ZSEURES)  —1W tHasynchronous generator (R EIARE) R
BSR4

&2 —MWasynchronous iterator (FEFEHEURES), HEPA __anext__ () method #FEAY IR, &5 [a] E—{H
W R P (awaitable object), M) PEAFHLAT I S EV AR B A, P ELBEL T yield AR
.

WM yield @EEIAT, ERAOIEHATRE (OGRS MO E i oy BEAR) . H3ER 5
E2BEREDR -8 anext () BRI PEG0R 60, & & (P IE19A0 B
1. #2(E PEP 492 fl PEP 525,

asynchronous iterable (JE[F]2Gn[[EUCEIE) — (@, BRIDATE async for WA gl fH. WAERKE
W __aiter_ () method [E{&—{fasynchronous iterator (EFRIZEMCESE). i PEP 492 B A,

asynchronous iterator (JEFRIBEMRES) — 1 B /E __aiter_ () #l __anext_ () method [ ¥ 4.
__anext__ WA EIE—Hawaitable (FTEL: ). async for GRHTAERIAEMERA __anext__ ()
method It W[ R A SR, HE|'E 5% StopAsyncIteration ffil4h. i PEP 492 5] A

attribute (JEPE) —(FSLELY) PR BB, W% REIZ8 BT 36 7> BB 35X (dotted expression) f) 4% FBE2:
Mo B, WY o A —MHEIE a, MIEZEIEREA 0.0 BB 1K,

awaitable (WZ5RFPIME)  — MR DAFE await SR ECPEHMYE. BV LE—Bcoroutine (58 ), 502
—{fA __await__ () method {1}, % is2(E PEP 492,

BDFL Benevolent Dictator For Life (#%E{"ZEM## ), X 4% Guido van Rossum, Python #8II3&E# .

binary file (iEHRIRESR) — M REEEICRIES Abyres-like objects (JERLTCHALERYIME) W file object (REZRMIE) o
TIERIREENG A AR ('rb', 'wb' 5F 'rb+') BAENREZE. sys.stdin.buffer,
sys.stdout .buffer, PAMK i0.BytesIO fl gzip.GzipFile B,
it sElext file (SCFAEZE), B MEEEREAEA st W ZY.

bytes-like object (Bifijc4lh¥fl) —1Z3% bufferobjects HREFIME ) C-contiguous %5 WY1, BHIE
FiAH) bytes., bytearray fil array.array ¥, PANHZHE R memoryview ¥4, BG4
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zf)lﬁ%#ﬁfﬂﬂﬁ’:‘ﬁﬁﬁ:i@%ﬂ%ﬂﬂ@%@@%ﬁ; B S R R . A IR R AE M socket (47

A L T A R TS . [EIW] SOl e L R E) [T B e R A ) T
B S o [ ) WD 46 bytearray, PAMN bytearray i memoryview. HABM R T T I E
RIS AEATT Y (TN TEHBYE]) o B3 bytes, DL bytes YIFH

memoryview,

bytecode (fsC4HM5) Python [ )5 4R 15 & A it UL TCALAS , B2 Python F3(7E CPython B i [EVEY
Forike AT R GO AAE oye BE, DASESE “YCRAT IR — A AR SR ks AR Pt (Al AR
JAAE I 85 20 A (L5 TCAL A ) o ERE [h ISR (intermediate language) | 45L& 38ATHE —{H virmual
machine ([EMgER&RR) b, wZ[EVBERE S G001 7B 0 CLCAL S S MERY MRS 5 (machine code). TR,
i TCALAS I A _b 2 A AE N ()1 Python [EIEERERS 2 FEAERY, AN REZEAS R UAR 1 Python 2 [ R4
TE o

(L TCALAS 52912 AT DATE dis BEAHAYEIRA SO 4 3] o
callback ([IWF)  (EE] | #ew R A — R IR (subroutine) pRsX, & 7EA A SEARIES B BT -

class (JEE)) 108 FH A a7 i 1 35 a8 Fe ) O ASEA . Class 119 5 3830 % @ 627 method )5 3§, & 2% method
AT PATE class [ EE()_EfEf T4

class variable (FiES8) —{H7E class FHESR, FIERZ HLEETE class JBIK (FRIAZAE class BYEBIH) W
& U SR

coercion ([EVRIHGRY)  AEHS K MR A R B E)S | B /e AR o, A 5 — R 2 (B0 8 il [EIE) o — R AU (B B X
#4[E] (implicit conversion) A2, filU, int (3.15) 7 EMIEIEREE 3, (HAE 3+4.5 #, HMHT]
WO R BIE] (—{# int, —{# float), 138 WA 5 | S 8 7E s EEA W ZUELZ & A4 REA N, 7511
&5 TypeError., WUREIGEIGIER, BTG RS HEIESHIZS, e/ 82 b AR s Al
1EHIAL (normalize) [FIFHEIFME, BIAN, ZEF float (3) +4.5 MAREH & 3+4.5.

complex number ([E) —HEJZMABNERALKATETT, 76T Bey-#h € bl R [E— 0 2 A— M E
WA, [Els 2 ESEA (-1 /P R) BB, EALEE AR P E 1, A RS g
#HI[E] 5. Python [Ezd T ¥E#H X%, ©RAZENRERFIREY: EReHE MERN I v
B, BN 3+13. I math AALER) T H S A R ES, #EMEH cmath H4. ESKEHZ—
TEARE B R SR e . WRAREIA 28 2B B MRk, AREIRT-Re e R ] DA e Z e .

context manager ({BIFANAY) — 77 DA & with BA X hir RSN M, e 2% M E &K
__enter_ () f1__exit__ () method ZR4HIM. w2 PEP 343,

context variable (1%§Bi58) —(E &8, HAH VT DURSE LN XM A R . 35 B AT 4 3 £
{7l (Thread-Local Storage), FEHrr, —{Es# AR MAATH BB A ARRIME. R0, BRERE
o, BT TR E A 2L, MR A E A, RAEEFTHIER ST H (concurrent
asynchronous task) H, ¥ ##IRREFBE. 752 contextvars,

contiguous (&) UM 2 fH 5 2 C-contiguous B2 Fortran contiguous, RIl'E €] g B2 58 45
M. ZE4E (zero-dimensional) [ 4% 8 [ &R s2 C M Fortran contiguous., 7F—# (one-dimensional) [#%1) 1, 4%
T H W ZHAE RO AR S P B R AR HE Y, T R S Y 2 A = B IR IE Y . 75 2 #E1Y) (multidimensional)
C-contiguous [ 41 v, 5 s 6 A7 1k (9 JIEU7 97 B9 & R I H IR, B — RStk et AT, 78
Fortran contiguous g1, 55— 325 [ i 8 (b fe b

coroutine (1j#) 1HFERZEIFE (subroutine) ()W EEEFR AL . BRI AE L0 R ] B vl A EHE 5
—{H R B RE . AR AFERF 2 AR A R B A . B AIEE . EMEEERL async def B
AW EAE. HFE2E PEP 492,

coroutine function ({FFEEAX) —1F [l Ecoroutine (FHFE) PR, —MHFER R HEDA asyne def [
R EsR, ERAEerfl S await, async for fl async with B, SLLpstg il PEP 492 5|
Ao

CPython Python F2£E = UIEHE T /F (canonical implementation), #{#7i7E python.org . [CPython | i&F4#f
FETELERERME A, DA W EME BT RE S O EE, Bl Jython B, IronPython.

117


https://www.python.org/dev/peps/pep-0343
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org

Python Tutorial, $[F] 3.9.23

decorator (H:ffigs) —MEX, EERES —MEX, BHEGHH ewrapper 7E, PEHE—EHX
H%#(E] (function transformation). S ffifefr) i A&l 2 classmethod () fl staticmethod () .

et AR aEIA U RRRME . AT w8 R o FRAERR 3R R AR -

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

Class WAFEAH R RS, (EAETREILLBORNE . BN SEhig i E L[4, 52 Eh0E 38R class E 5
AR SO

descriptor ({fiiA%S) FMEFET __get_ (). __set_ () 8{ __delete__ () method {4, & —1H
class JB 2 — AR, ERRRELS T E e @A PR i s . WH, A a.b REUS. SEED
(IR SR P, &FE a 1Y class FHUP A2 REE] b i, (HANSE b 2 — b ey, RUAH SRl
it method G wiFnY SRR A HLRE IR AFEAE Python RS, HEIEMEFFLIImEM R, Sk
e mEIEE R, . method, J&VE (property). class method, [FJAE method, DA S ¥%f super class (4CHEE)) 2
HE

B A AR & method [ TE 2 &, #52 [ descriptors B AR #e i FH 57 -

dictionary (‘F2) — & BH W 451 (associative array), HHb AT 55 11 88 & Bl WL ST BB S8 mT DAR AT A 5
__hash__ () f1_eq__ () method [J¥{4:. FE Perl g fREIZEE] (hash).

dictionary comprehension (‘FULEiAIERY) — B L, AR08 T B 14 P ) 43 54 o
=, [P RA—MEMFE 1, results = {n: n ** 2 for n in range (10)} GFE—
7, BAUETHE o BEHEE 0 v+ 2, H52[E comprehensions.

dictionary view (‘FULEE#l) 1 dict.keys (). dict.values() K dict.items () [0 EE
FHAREL. B TP P E B AR, BN E I B, AR s S B,
2 [FU 7 SR B ) e B i list (R%1), ZEGE list (dictview) . #2[E dict-views.

docstring ([EW<ih)  —fA1E class, BT, (RES— RN B 7 H S0A . BESRETEE M3
ITRF s, (e Ersiedsgtak, O ITE class, SR __doc_ @Yk . diitEW]
FER A AZEBEA (introspection) SRIEISE, [t & 24 B SO ) B E 37 22

duck-typing (f5-FHIE]) —MEFEAGERHEGE , EAS R A — Y (o B E R e s o R 5 HUA R A
Ts B A2 )42, method B8 1 € B AHb g P U S0 . (a2 e 7 ke AR — (B 11 FL e 24
B—E¥, BEE—e2—EET. ) HEERNA e BE, foRstiauseesE 2w
f (polymorphic substitution) 38 B R & iE M. B TREE A type () B{ isinstance () #fT
Wik. (ERdHE, W REm AR 4 % 8 RAALE] (abstract base class) KA FE.) K1, BB GEH
hasattr () HIEl, BUREAFP FExCERHT R .

EAFP Easier to ask for forgiveness than permission. (F53REXHFERT I HER Y ) BT R Python %5 &
G SRS S S B A, [EITE s AR Bt B RS P A (50 41 . S MR E) Lk i JalA , o
RAFAET 2 try il except A, SEFAHELFF 2 HAMGE T (5140 C) & WIKWLBYL JEASTE L T %
.

expression (RESFA) — Bl ARG FEANER(EM R . EAEE, —MERE SCE. A, BiEER.
AT el R I A5 RS OT PR AR, B TR RE ] (. S HAbRE S AR 2, 4k
JIrA i Python 5 5 MEIE A2 E R . 94N —Lsarement (BIAX) AREHNMHER S, HlM while,
JilfEL (assignment) o2 BRAS, iMAEER A

extension module (PEFMI4H) —(FLA C B C++ a4, B liJf] Python [¥) C API ARELAZ.(> Kz fili £ F2
AASHET T HE
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f-string (f2p) DA £ w5 'F [ERTER A0 FEp SO B RRE]) (1 73], B RAS I T SCAR I 4 55 .
35 2(F) PEP 498,

file object (REWit) —FZEME T & BB 22L& | (file-oriented) API (1l read () B write () %% method)
REEAERE IR . AR R e =X, & R o 3 B B R A 22 ol L 228 )
AR oGEASE S (FIAEEEA /B SOIE R ESR . socket ()3 ). (E (pipe) %) WITFHL. %
LYt R E 28 4% £ 4 (file-like object) B, B 57 (stream) .,

L, A=FEERYIE: AR =€ R4 5 . B —E RS LT A . BETIRINTETE 1o B
HRE SR @ﬁ%ﬁ%#ﬁ‘ﬁ%iﬁﬁ?ﬁ%@ﬁ open ( lZlit

file-like object (JERERWTE) file object (REEWI) WIFIFETF.
finder (S5i%8) —MAWE, ©aERENELER import [WHAL Tk loader (FRARL).

it Python 3.3 Bl A WMMEERIFAMLs: T IE G % (meta path finder) €[ sys.meta_path,
Mi¥442 58 B F#: % (path entry finder) € {§if] sys.path_hooks.,

#H2[F PEP 302, PEP 420 il PEP 451 DA T f# 58 Z 40t .

floor division ([a] FHUBRRE) 18] BG4 y 25 3] e U B e Ml B2 e vk m?ﬂmﬁ%&%ﬂﬁuﬁ?—m// il
o, A 11 /7 4 WEHESSRIE 2, i float (FREEEL) ERRYEATEIER) 2. 75 AH. sER, (-11)
/7 AMEERE -3, HER -2.75 #hié FEESE. i52(E PEP 238,

function (BX) —HEPWHEAN, EREE P PE—LE, T r] AR ELE S 20 7] 2, 5|
BOAT R A R AR T . BEs e Eparameter (28%). method (F5%:), PAJ function Z5i.

function annotation (FAXERE) HRASHEEE(EN—Mannotation ([EIF%).
oR U E IR w il i AR 2 (13 =« N, S (M ek NTEIH &5 2 Wi int 518, [EEA M int [m{E{E:

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

bR S ERR A R AE function B F AT 4T AR .
st 2 [Flvariable annotation F1 PEP 484, %45 W INHEFIHIA

_ future__ future [fiR=: from _ future_ import <feature>, @f§/Nim=and FHALLLYE Python ok
ﬁiﬂﬁéﬁ?ﬁﬂﬁzl—(*ﬂ%)ﬁ%@%%%ﬁ%%, ﬂi%ﬁ%m Hil B4 o ﬁ'ﬁ future_ HAHARFET feature
(i) IR, F5i mport JHALIISH R BCR L (51D S ARSI 2k
lﬂﬁnnm , ACETRE (B 48) ﬁil?ﬁ XM Hfig

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

garbage collection (Lp3Mllk) Rt fEBA PRl (T IRe, R CREY A . Python ATHIIR A0, 2%
2 MR (reference counting), DA Kz — 1 & A I A1 v B 2 HEAG B (reference cycle) 4 f1F B b 3 [l g %
(cyclic garbage collector) ZR5EAL . B3R IS AT PAGE ] gc AR4H 3 L EEr T o

generator ([E1/E3Y) & ol generator iterator (FVEZFEIRER) MR, EHEERG —MIEHMEL, H
AERZREAET vield EEX, BEA—RINGME, SLEERTH R for FE, sU2PAnext () K,
AR R LA ) — R
ET@%??HL%H%K%T*{E.EE%%UT faf%ﬁbfiﬁ*, g RFREA BERE. H—HEEE

generator iterator (.Eﬁﬂi%ﬁ) — 1l i generator (.éE%%) oR =BT ST

M yield gE R, FRAMERITRE (57 RS HOE P oy BAsC) . HEE S
(V&R 2 RS, s LI BT (BB LA ] RS FE 0 B a1 e U IS ] )
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generator expression ([EV/EZSESIR) e mEEUCIRAER X BRI M ER R, K
Tl for T4, W T EE . HE AL i T A AERGENE
B B A 2 -

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

generic function (JZRIPAX) (i1 2B e AL R, 3% X R R i ZUEVECVEAR R) s 3. ]
S R R G VIR RE 1, 2 by R IS 30 (dispatteh algorithm) SRIEJZE

#5 2 (Elsingle dispatch (¥—FH ) #gE#E4&H . functools.singledispatch () Hffizsfl PEP
443,

generic type (JZHIMIE]) W[ BHULIpe; WH N List B dict AR Z4wds. TR 2T fLzft.
WL S R4 2. PEP 483, PEP 484, PEP 585 il typing fibe,
GIL #52:(Flglobal interpreter lock (451 H. 35884

global interpreter lock (A3 FLi¥ass) CPython E B2 il MBS, F DAREBR AR R AR A — M3 T 45 R
AT Python fybytecode ({iCHLAS) « B MY AR (HEREAMERBE, 0dict) HEHEG
[EJ47#7H (concurrent access) G R, AT v Ak CPython B EE1E. S HeM A ey, A
W28 5 WE)Z AT 4% (multi-threaded), {HACAE & & 4k 1 22 b BE2S AU MRS AR ER LAY — IR T4 71k

(parallelism)

SR, AL FERAL, MR R R =, BT R e AT R A e A (B R R 4R
(computationally-intensive) AT #5EE, B AR GIL. H4b, FEHAT VO K, GIL 482 eryififti.

2SS TR TA | R (DASE RS A0 R S e S ORI B ES ) 1SS R )
[ElE— i B — R FEHE N, sk ARk, —RE, HERREMARemE, aierEes
[EIMERT 2, AT Y S o P AR AR

hash-based pyc (HHEZLHEN) pyc) —f (L TCALES (bytecode) WI 7R, & FI A VB M AN 2 38F B LA A SR 119
T ARG U, ZAehfEE AR #52(E pyc-invalidation.

hashable (WEENY) WR —EY A —HEEE, gEEXEGEH PR RS (EFE—M
__hash__ () method) , HA[ELHABY) ¢ HA K (EFFE—MM _eq_ () method) , IEIEHZ
— (=T 2 [EM . il REA S 2 T 3R E 2, B M 0b 3G A0 R ) 4 EVE

AHEEM: (hashability) {fi— Y71 AT I dictionary (5°4t) AYHERN set (Ke6y) HOIRE, HELGLEERILS
RERTE HE R 1 A ENEL

7Sy (BN wple (JCAH) F frozenset) , FUAHEMBYICHR 2 il ERY, EMA LA 2 HEER.
AR BT & A E class BYECHI, HIE LeW 0 Er B T R o B MTE AT LR 2 N A A Y
(BrdEeME g ), memMuBEEIRATE B EME id0 .

IDLE Python [} Integrated Development Environment (#44 §9%8384% ) . IDLE 2 —{f LA 1) g g Al B R 28 e
5%, B Python [HAFEHEREA T A — i g it .

immutable (CAn[8E¥0E) —@EAEEENDM. ATy HEiRsEs . F8M wple (JT4l) . BB
SENRER R . W ER R (L R o A7, R ZE ST — R e k. & M 7E T 2B e A ENE
RHL T, PR A, B4 dictionary (ML) Fp At — {6 .

import path (FEAMSTE) —EOE (Sskie8 8 ) BFIEE, mARLL) Eat 2 AE import ALRE, @ #iparh based
finder (FEABAR G4 ) SR AIE . F import AR, IAIESFKEH ZKH sys.path, {H
HATE A1 (subpackage) M7, EWIHEZKELEMN __path_ J&§H%.

importing (MEA) A, —{EAAH 1 Python B2 A W] DA I FE , B 55 — A4 1) Python 2
A

importer (FEAZS) —MHREESK LBABAMYI; BB inder (F2%) Wiloader (BALF) YT,
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interactive (ZLEjI¥y) Python A7 —ff HB) X E AR, 8RR AR A] ATE BLRE & 19478 7 oo il A BOA sURNE S
KX, ZHHTEMEEAZIEMMER. JZE® python, NFTFEAEMTIE (7T AERE 4 IR BN
PSR E) . E R NRUNT LSRR G EEEIR I (FFRCAE help() .

interpreted (ELi#if)) Python @M E AT, MAEHERE S, NiE M 84 T 87 Lt , HEH T
4115 (bytecode) Hmrai IAFFE . 18 #on R AT 28 W] A2 A T, MR TR P S o) — AT, 8
BHATE. s s mw hassl oA AR BaEE / BREsE, A e Ao Re e & taEf T A ie .
Wt Flinteractive (HEIF) .

interpreter shutdown (FiigsBIP) % Python EBAndi 2K BIPANRE, B A — ﬂﬂ%ﬁﬂiﬁ%ﬁx? TE M B
T T Bl L A A WJ?H*‘%ZH%%@ B SEERRAE S . B & 2 WRIEIY 3238 =1k % (garbage collector).,
15 AE I 5 0 F & F 5 RO A% pR 3K (destructor) B 555 F A [ I (weakref callback), [EJ#47H: A AR
5. 7B PR BEp AT O RE S el B & R b, REE OB E TR TREATEEER T (8 R B
T2 R AR A Bl R A )

HaEG N F 2R, 2 __main  BUHBEPOESTHEIA T AHATIE

iterable (WEfCHIME) —FEAEE— K ol — (8 H bl BR8P, wTEMCH 1459 B+ 645 BrA 1 1751 L (ED
(82 1ist. str fll tuple) FIMLLARFHIRE], B2 dict. #2400, PARARETEFRAYTAT class 1)
ff, HEHRE class /5 __iter_ () method B2 E ESequence (JFH) #EE M _ _getitem_ () method,
YR T ER 4

AIES AT R for [EIREAFF 2 HAb 52— WP 2 (zip ()« map () ... & —fE AT ER 14
VEES | i R A E K iter O B, B EEZY R ME—mEECE. lﬂi.ﬁ%%@ﬁﬁ"ﬁf%ﬁzﬁﬁ
47— (one pass) #EH . [THEUCERE, HHEA—E B iter () B HITEHEIREYF. for B
WX G G B ENRE G L, g YRR R a4 s, R BB R R s R 2%
Wit z(Eiterator ([EIFCHE). sequence (J53))) Figenerator ([EVERS).

iterator ([EMfC2%) —MAFRERRYE. EEHIEYESCEHH __next_ () method (B2 & HEL
B next () ) EKFRIMEERT T ARIER . BATA &R, HlE54% stopIteration fil
Gho MR, EEUCEYET R, A3 _ next_ () method fite—ENEnY , #5H & Fk s |5
StopIteration. [EMCEFLA M __iter_ () method, E€rmEHEMRIWIA S, B DA%EHEE
AR PTENC 4, FRT AR A K 22 i A A T B 35 A . —HIIHERR Bl oh, 2B ZE
#EIX (multiple iteration passes) IFENAG . — w1 (B2 1ist) FERRAK EHEIEL iter ()
B E for [EIRE 6 B s, ARErEE —MafmEf ey, AR ER LS (ZRER) K,
W M E a—m E P A . A E g S EU R, ARG — S A5

1t typeiter SCH AT AT S B 2 Ell.

key function (Zpf3) Rl )7 K= (collation function) J2—1f B LAY (callable) PR, ‘& & [B{E—1H
A HER (sorting) B %€ (ordering) H{E. BltH, locale.strxfrm () ¥ JHAREIE—18 1 fif ik & HE
B HE 7 5

Python W FF 2 T H., #8342 DAGE ok A A e Rl Fr 8oy 8 =l BEMAHE min O L max () .
sorted(). list.sort (). heapg.merge ()., heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

AR DL S SR K. B4, str.lower () method W] DAFEEIA 2 K /INEs HE A 8 iR
Xo 833, —MEEEAWT PARE Llambda SR AP A, FIA0 lambda r: (r[0], r(2]). %4,
operator BEAHFE ML T = 1 4 8 =X i) M5 R =X (constructor): attrgetter (). itemgetter () Hl
methodcaller (). BRIz A ek X861, w52 ETHE T .

keyword argument (B2 7518) #HE2Earsument (518%).
lambda B —expression (GEER) Fral i — B4 1T EIE = (inline function), 3% Mg ITEnY sk (g . 2

57 lambda pRCIEETEE lambda [parameters]: expression,

LBYL Look before you leap. (= JMIA&AT. ) 1o A i VRS @ 7ESEATIF I s AE 4R 2 7, IRt BB S E R
B EASELEAFP T, HERROREHFIZ 1 BT,
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M ZiTaEEREE T, LBYL e [ =] f [&47] Z M5 IA T 8EE (race condition) i &
B BIANDANAEZS if key in mapping: return mappinglkeyl, QRS — AT EEFEH
ZRAAEA R T, ¢ mapping PRERR T key, HIGZFEXAGR & KA. &6 AT AR 8 (lock) Al H
EAFP %5 7 = AARE) .

list (H3%1) —{# Python [El&fsequence (J¥51). [EVFFTRIZ TR list, ‘B H B BRI Al 55 v i) — fi P
5 (array) AR — 45 R 51 (linked List), R E77E RO R A R I EVREE 2 O(1),

list comprehension (HiZ&EAIESY) 7 AR 78] P &Rk ER ez, [EL A DA list
EMEA RS YL, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
01 GEA 55 list, Hrifs 0 5] 255 EEE, Fra EEn)H/ g0 8 0x.), 1f ARk
1. WREMEE, Al range (256) HHFTA TCHEER G LRI

loader (MEAZY) —MAREERABALYIF. EUHER—WHE load_module () ) method (J53%). #K
SR B finder (FAGES) HE. LM RE PEP 302, Bjitabstract base class (14 5L )iKHEE]),
#HA[F importlib.abc.Loader.,

magic method (JEMTJ1k)  special method (5% 753%) B—EAEE X &5 .

mapping () —AEYIE, ©RTEEN AR, FAEE(E abstract base classes (15 £IEHE]) H,
Mapping B, MutableMapping ff15E R method, #FIFE dict. collections.defaultdict.
collections.OrderedDict il collections.Counter,

meta path finder (JCPEfEaGRS) —EKHE T sys.meta_path MEET finder (FA5es) . TCIRETAR
HLIE ISR B SR (path entry finder) HIBHERAI .
B A TCRR IR AR RS BEL/E MY method, #52[F] importlib.abc.MetaPathFinder,

metaclass (JCHE]) —7F class ¥ class, Class 5 FiH e € 57 —1{W class 44 #§. —1{W class dictionary (%),
DA —1 base class (FEHEE]) (195134, Metaclass B 212375 =858, [EI#ES73% class. KWWY
PR R CE T e R Ot — M TR A B/ . Python AYRRE BEAE A fEEIE ST H #THY metaclass, K4
W ERAEE L T H, (HR%ETEE, metaclass 7] DURALER LERNMRE YL, ©ME iR
@A, BT R Ak, BEW ST EVERGIRE (singleton), DA £ HALAYTHS

T %2 & 51 A DAYE metaclasses =i F1 4R 2],

method (Jji) —fH7E class A<BAEIW & AR, WISE method VEEIL class BEFIAG— 8 B MEpEn, HlE
A 2R E O E S S — Margument (518F) (M5 | #ERH#EREE self), FH2E funcion (8
R,) Flnested scope (HRAEHEL) -

method resolution order (J5i:f@RHTNEAT)  J7 AT IE 7 2AE A S AR AL 2@ AE T, base class (F)HHE])
VOB SIET . BIRES 2.3 lUZE 4, Python B 3Bas il F A VEANAT, #5220 Python 2.3 i )y IL Ml
JET o

module (Ki&ll) —fFyE(E Python & xXAGH) A4k ¥ 1, (organizational unit) ¥ {F. BALA — (a4 =M, €
WL Python Y. BAHLERE Himporting (i#AR, {H A % Python.

st Epackage (BF).

module spec (BEARUE) — a2 25, B A& R B BIALY) import A B & #l. B2 importlib.
machinery.ModuleSpec —1E &

MRO 72 [Flmethod resolution order (J7¥EMRMTIEIT) -
mutable (R[88¥0F) TP LRI DARCE B MO, (A4ERFEMN 14 0 o a2 Eimmuable CRWEY0F) .

named tuple (Fff#47C4l) 755 [named tuple (Fft4%7c4H) | 2481 tuple 46K 1 (Em BUE)EK class, HERYT]
75| (indexable) JUZE ] DA P 4% J& MR A7 EL . 15 LU (E)nk; class 0] DAEA oAb A 451 o

A HEZE R E) 2 named tuple, f33EH time.localtime () fl os.stat () [F{EME. B—MHF T2

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

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

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

True

4 %% named tuple JEEFA(E] (40 EF)). 8i#, —1 named tuple t 1] PAfE—fH IEBIAY class 5 FEHE T,
B class 248K H tuple, HEFK TSN (named field) BJ 7] . B8 class I ATF T4msy, Hn]
DA Tk e =X (factory function) collections.namedtuple () .. BEFATHIEIN T —L%F
4MY) method, §54% method AJ /2 7F T %7 ok (/1) named tuple 1, fEVEIRET

namespace (M #4%5H]) BEWREFROHTT o G4 45 2 A dictionary (Sl ) BEEEIE . A7 [EARAY . 43k K [E]
B, MY (78 method ) W BUIR A a 44 25 . 2% 25 IR p B Lk a1l 28, RIR
Btk . fln, K3 builtins. open Ml os.open () s T M A4 25 AR B A I . fims 25 [
5 £R B 5 2 2 BB AE B A — M pR X, SR I W] Pk S WA . BN, & random. seed ()
of itertools.islice () WifEhF/R, BLKAHEEH random Al itertools HHHTEE(E.

namespace package (@i #Z%MEM) 1M PEP 420 package (£fF), ‘€ X AEIEEITE{F (subpackage) i) —{i
Adn. A EMEMTRES RN, M HAEREEMA R —WMregular package (IERIENT),
FEEMEER __init_ .py SR,

iz Emodule (F4) .

nested scope (HURTEMK) REF)2 M 4ME & 3% (enclosing definition) H1 A5 B BE /7. S2GIZRIE], —H R =
MR RAE S — M piEsR, Mefl2 RoNEm0hpg sl s, AESEET, SEikE
P 08 Y A 22 M, T e P R e S B R AR A (B A R 3 s R B A . TR, A deiss g
BAE G4 2 B P SIS A . nonlocal A FFEINEVEFIREFTE A

new-style class (HiABE) —MHEX, ERIGBAENTH W class PEIH Y class &% . 72531 Python
A, HA B class A RE{H ] Python BB . ZEMIIRE, /2 __slots__ . #ifiik#F (descriptor),
J&VE (property). __getattribute__ (). class method (¥H[EIJ7¥%) #Fi static method ([FJREF ).

object (M) FAMREE (BIEESUE) M #ATE (method) FUAEATER. B RZIEMnew-style class (3
XHAE]) A #& base class (FJEHE]) .

package (%) —{f Python [Hjmodule ($i4H), B PALE FHi4H (submodule) 5% 25 [FIHY 4} (subpack-
age). FMT LTS, EMAHREA __path_ B Python AR4H .

Wk Elregular package (TEFRIEAME) Fnamespace package (6423 £,

parameter (SW() 7efuncrion (izt) o method 5 3Er (i s & BEMY (named entity), T 451 % 2% AT
B (Elargument (319), SLERREASE) T HOR 285 0. J6A7 7 T A R 22 MO

» positional-or-keyword ({i Eu{ BT ): FU]—H AT DA e ts 5 R AR 585 7] SR 5 9.
RS EBIHA, BIUNLATHY foo FI bar:

’def func (foo, bar=None): ... ‘

» positional-only (BEFRALE): W8 HAEH AL E BRI T . ER=UE RN S U R E
—f8 /70, WURT PAERZ T OCHT I E SRAEMR O A2 8, BIANLATN Y posonlyl 1l posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ...

o keyword-only (FEFRBHSET): H5W]—MH A REAR ST HAR MG [ H. (e Vg2 W=, 1
B — AT = ¥ B 7 B 2 ¥ (var-positional parameter) B2 BLATRY * FIC, iRl ATEHAR J7 € AL PR
BT 2, BIUPAT ) kw_onlyl Fl kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘
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« var-positional ({EREWERALE) : FEU]—PREDMERF AR Bhro 8 5 | B (TEC WM 2 BoE 2
MR S [ 2 4h) . BB ER ERIEHS WA R T E L~ AOGERM, GIILA T args:

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

« var-keyword ({LREUCRBHST ) - $RWIT PR ML BMOR B 75 | B (TEC B2 Bz
TGRS 2 A0 . B MO EBAE L S WP TR B L~ S, B0 el g
kwargs,

S BT DATE IS | USRI S TR 1, LT DAL e SRS M 15 | P o TE AL

Ty 2 EIsEFR R argument (5130) W H . & REJEH RS A28 M2EE., inspect .Parameter
class, function &, AN PEP 362,

path entry (PEFRIEH) FEimport path (MEABSES) HA—ENE , Mipath based finder (JEA BRI FA28)
TS 4B AL import IR

path entry finder (BEFSIHH =%%) #f sys.path_hooks H [ —1# A] BN #)£4f: (callable) (Bl —{Epath
entry hook ) JJt [a|{#{¥)—T finder, & NTE W] A—NB path entry e (ilsE4H .

B A R AR TE B A2 BEAE method, 2 ([F] importlib.abe.PathEntryFinder,

path entry hook (W fSSH(E)) 7 sys.path_hook e[ TIIF P (callable), #5& MU ITE
—{EREE Wpath entry WERARASHH, A& [0 E—{Eparh entry finder (FAETEH A .

path based finder (JERBISAG=RBIES)  THBN TS S48 % (meta path finder) 22—, ‘B €& {E—{Mimport path
H ) AR .

path-like object (BURIEHIMTE) — 8RR R RGBS MW F. BUEER W 17T AR — 8RR B R str
5 bytes ¥, B —MEAE os.PathLike WM. BTN os. fspath () HKzL, —ff 3
$Z os.PathLike W4T DA EIE str 8% bytes #RASIKLR; M os.fsdecode () K&
os.fsencode () HIZET FRATEG: str & bytes [45%. B PEP 519 5| A,

PEP Python Enhancement Proposal (Python #[F[$£%2). PEP 2— skt S, & HEE] Python R4t &
i, BOURAA Python (18T D RESGX Y BERIRE P PR . PEP JE % 2B LAl I 04 45 A7 A i DA S Bl
FIREMENE I
PEP fOf7EAE H Y, 2 BB E SO I EAGFR 2 . AT o B A B SRR A = Rlicde . PAXELAA A Python
Pk FHER R, Sl AR 8 s . PEP (WES B & et e s sk Ese [ s e A
#H2[E PEP 1.

portion (3#4y) FE¥—HE PSR (WATREMAAE 0 zip i), BUAHEREE—MaH S HEMS
(namespace package) BBk, U0[E PEP 420 ) E .

positional argument ({¥51%) #H2Eargument (313%).

provisional API (‘417 API) Bi47 API 245, A iRk =X 8 i) [m 8 40 2514 (backwards compatibility) £ 75 /7,
W HERR G APL, BESR I, R REE T, B EEAeA E RS E, HinE
0PI N ERREE LT, WATREa B A AR T (LR EAEBRNE). SESEFAG
i i () A= HA AP #EAIA 2 B AR R E N i R ARG G i ge e, EMA a4,

BT AT APL, [ A RHZR 5 S Er et (] [ smcfz O ARIED T 38 ) — ST s B R, A7)
SR T BER M I AR A RO AR 5%

T {1 3 R ol A5 A o o XS R S R TR S BT AL, T R S R R R A IR T 25 B A R R R T e .
2[F PEP 411 [ fift s Z 4014 .

provisional package (‘E[f7E4k) w2 Eprovisional API (47 API),

Python 3000 Python 3.x RFRAMERG (RAVABTAIGE Y, HHRESS 3 MR EEE R 2. ) ] DAKE
&[E] [Py3k].
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Pythonic (Python Jal#k1t)) —EAHAE—Befes, MM T Python 3o B SANIE IR, A2 B i
filah 5 RIS BN, Python Hiid Ry —REEBUNIE, AN —M for PRk, ¥
— (A BRI A CRIE T IR . 772 Hbah S EEAE B2, FreAREAE: Python fYA
A R o — (0 B e R e A A U -

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

B2, AT IHEERMER. B HA Python & :

for piece in food:
print (piece)

quallﬁed name (PE#RE) —M TEE M MRARE], ©BURTE—RBAL A 4 0E F 1k 2 s 4l P 2 5810 class.
R0 method () [#E£E ], 40 PEP 3155 Wi E g%, EHiRTEE R xCRI class 15, B2 44 RS =y {4
F4 A [ -

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

>>> C.__ _qgqualname

lcl

>>> C.D._ gualname_
'Cc.D'

>>> C.D.meth. qgualname_
'C.D.meth'

HR G| A4, 7 ATRE & & (fully qualified name) 237 i A4 1Y) 56 BE BE A PR BE A, A0 3EATA0 1
REM, Hlhl email .mime.text:

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

reference count (SREEGHE) YN 2 BREL F—EY0N S BEHECR R ZR, B auiiRae
T (deallocated) . 22 HR 51948 3 7 Python F2xUHE & AF|, (HEENZCPython HAEN —HBI#ICE. sys
WHEFR T getrefcount () PR, FJ7awt Bl T DART:RY 5% ok =X 3 [m (31— 45 2 P 2R 1 2 IR GRT

regular package (\EBLERE) —MEE S package (B1F), Hli—MaE _init_ .py HEEIHE.
k2 Elnamespace package (fiv 4 2 MEM)

_slots__ 7E class [FIff g — (545, EEHBFOCEA OB ZSH, DAL E ) dictionary (F4L) |
REFA TN . R RZ MR, (H bﬁ%%bﬁfbﬁ%ﬂﬁ@ﬂ% o B B A IR AR AE — 1 nf‘,ffﬁﬁ»%}%%ﬁ%
(memory-critical) {1 HI A2 =X AAE KB B 5 G E.

sequence (JE¥l) —ffliterable (W[EMCHILE), BiE# _ getitem_ () special method (4#5k757%), ]
BHRG R LB ESCRM TR, EEFKT M __len_ () method K[l 75 R JE., —L&
Ela s BEFE 1ist, str, tuple Ml bytes, R, MR dict 7 _ getitem_ () F
__len_ (), {HEWAREEM (mapping) i A, HEHATR ) S AT E A immuiable 8, i
=238

W% H i HE(E) (abstract base class) collections.abc.Sequence €38 7 — {0 58 i & %) £\ T
AR getitem () il __len_ (), EWIHINT count (). index (). _ _contains__ ()
__reversed_ (). EEMIEARNEHEE, WA register () gMEMEIE.
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set comprehension (fiA&FAIET) MM, AR B i B, i
BRI GE R DL —# set [M]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
GrEE— g set: {'r', 'd'}. #2[E comprehensions.

single dispatch (¥.—3) generic funciion (ZZpRN) FAEM—EE, 7L, EERELENE-—5]
A,

slice (VJ)) — MY, B0 — Bequence (JF5)) W3 —F 5. & — B YR W7 &2
N BEAF 9% (subscript notation) “[1%, 757 ZL44HH 2 M 87, HIFE#F 2 WM H E 9%, Bl in
variable_name[1:3:5]. FEFE9E (M) FF9ERIERT, @i slice ¥,

special method (¥¥#k i) —FHEErw Python H EJIFIYA) method, Fi AR A Bl A7 AR S, i
V. 5 method 1144 R & AF B EE AN 45 B4 WiH RIEE]. Special method 7 specialnames H1 4 SE4HEIRA .

statement ([AR) BIARXE—MEL (suite, —FFEHE EIE ) F—5 . bR A DLE — B expression
(GEER), XS5 AMET (Flif, while 3§ for) MWEZREERY —.

text encoding (3L #if) fF Python 7, —/FAFER 22— Unicode 0% 5 (FEHIH U+0000--U+10FFFF ),
R TS ST, BRI R
FF—DNFRHER T I — D F PR “ambs”, AT P8 B B AR Rl iR,
AEPAFERSCARFIME dfidds, EATGERN SCARgig .

text file (0 7HER) —MEEEEBRIE A st YR —1file object (REEWIF). BH, CTFHEEEE L2
AEEU TCAH I [] 1 &R (byte-oriented datastream) [F€r [ 8 i Blrext encoding (SCFEGAE) . SCFAE M
BlFA: DAISCFRR (" 8 'w') BIEAEZE. sys.stdin. sys.stdout DA io.StringIo
B,

2 Ebinary file (—HEHIRESR), B MEEEREBURE A S04 $ 4 1 (bytes-like object) WIREZEY)
.

triple-quoted string (=535 ) = HE5 58 ( ) ¥ 5 198 O) MVEELE R — 7 . ke MBI
FIRALER S ST R A S S RE, BN Z IR, EMREA . B A ATE T
H A R BKE] (unescaped) (1 BE5 | SEAIEE S |55, i H &M A 758 #1487 T (continuation character) 5f; i]
PAESHR A7, 35 AT e 4 53 [E) P - R e (LA .

type (®[F]) —{f Python YA EIEE T & 2HESER WY AW EHE —MmEE. —FEy ek
EIMPA B __class__ JBWARAFE, B PA type (obj) HAMEK.

type alias (REIE4) —HERER RS, S ZEE 24— Mi(EFF (dentifier) ACH. .
HIFIE) 4 i A2 [F32 = (type hint) G 1. Bl0:

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

FTPARISE R, SR AR

Color = tuple[int, int, int]

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

#2[F) typing Ml PEP 484, A5 MINAERIHEA.

type hint (BRERR)  —Mannowarion ([ERE), EHFE—HEH. —1 class Ja 15k — 18 b 5 2 8ok ] (B
T 2R (.

FUEMRE R SRR, A2 Python [EIHiRY, (HE S EIREEE M THMAA K, [EfERB) IDE 52
BAERAE 4 (completion) I E K (refactoring).
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I class B AR, (NS REE ) WRERL R, Hr A typing.get_type_hints ()
HAFHL

2#2[F) typing #l PEP 484, A5 MINAERHEA.

universal newlines (ifJHEf7yo0) —MEMRESCFI (text stream) {53, &5 LA R A WIS ERREIE-—1F7
W45 Unix 17EEH '\n'. Windows & '\r\n"' FIEE ) Macintosh &% '\r'., #52([F PEP 278
FIPEP 3116, PAKHIA bytes.splitlines () BYPHIIA .

variable annotation (S2B{([EIF%) —{E8EL class JB P annotation ([FIf).
[Ef 5 8ok class B PERE, BR(E2SEIRIER

class C:
field: 'annotation'

SYEREE T AR L ERRT (ype hin): B0, FEHSEEYI G int CBE) H:

count: int = 0

SRR FE annassign T 47 FEATII LR
it 2B function annotation (BRzCERE). PEP 484 1 PEP 526, WA HINEEMHEIA .

virtual environment ([EI#EE25:) — (A /ENGEE (cooperatively isolated) R FT8E LS, fE: Python ({5 FH i

WAL 22 4RI T Python BEEVSPE, 11 628 ) — (1 2460 L4 FROCAD Python JE FI AR Hyf T (F)
[E: T4,

W2 (F venv,

virtual machine ([EIEHERS) —H058 4 HIKELTE KM ENE (computer), Python [ [EEEHESS € 84T H bytecode
(PLC#HAls) wmeas B b i oA .

Zen of Python (Python 2[F]) Python S¢rts BT, HIFIZAA PR BRI LRE = . o]
PRz BB R F TR [import this] HHRFIE.
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APPENDIX B

BARIELEFIRA S 14

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

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

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
« A3 reStructuredText 1 Docutils T E.4H Y Docutils BL2% ;
o Fredrik Lundh f] Alternative Python Reference 3l [ , >}y Sphinx 244 L M) 5T

B.1 Python {895 Bk 1

#r % \#R¥[E] Python 1& 37 . Python 121 ik X AN Python [EJRA SCAFET kA . Python fT#(EIY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeNDIX G

C.1 &icio

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

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

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

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

BERA | BE Fh HaE GPL 1851
09012 | AEH 1991-1995 | CWI =
138152 |12 1995-1999 | CNRI p=s
1.6 1.5.2 2000 CNRI o
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI o
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF P=:
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF =
22 P41 2.1.1 2001 24> | PSF P

fiE): GPL HiZEIRF RN E1E GPL F#(E Python. ARf§ GPL, Jif7 1) Python FZHEH! 1] DA 8 )BTk
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RIGIA, (HR—E AT 8 B REIF . GPL AHZR (Y FHEMIRS: Python 7] DA%S A HoAb7E GPL T E£{EIX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEEFRIAT Y, (EATIE LA A B E vl RE

C.2 FRFRHHMFGXER Python BIEHIER

Python #CHAIEIR SRR BE R L IR PSF 4242 & 49

i Python 3.8.6 B, (EWISCFui il PRk MEATICIPEATS, R RN (dual licensed) 4 PSF SEHE A
#I1VA B Zero-Clause BSD 3% 7 .

PERLTTLUN Python WS AR R ) B HE . 35 SO e BB HE 2 R RS — A g o o BRI A IS 2847
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 ¥ PYTHON 3.9.23 iy PSF 1Z{E& 1

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

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

3.9.23 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSEF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.9.23 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights
Reserved" are retained in Python 3.9.23 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.23 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—~hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.9.23.

4. PSF is making Python 3.9.23 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 3.9.23 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.23
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.9.23, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ¢4 BEOPEN.COM % &%)

BEOPEN PYTHON BAVEFZHEA 4145 1 i)

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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#EHE—1)
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 Hj® PYTHON 1.6.1 B4 CNRI 1R &

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property

(FItakss)
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(R —H)

law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 £ 1.2 g CWI B &

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

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

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

C.2.5 Fi* PYTHON 3.9.23 [FIEAX #[FI#2X #5E) ZERO-CLAUSE BSD 1%4#

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #uk(CIeR RS Ry 12 18 B Bt
A (AR SRR A BEHE SRS, 3 5ULAE Python SEETA b TN 45 =)y W

C.3.1 Mersenne Twister

_random A A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
R, DT R FEARE G 52 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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

136 Appendix C. A EIZE



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

Python Tutorial, $[EF) 3.9.23

C.3.2 Sockets

socket 4] getaddrinfo () fil getnameinfo () KR, B4 WIDE 2% (http://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 FERF#¥ socket fRFE

asynchat fll asyncore fAL A& DA R AERA :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

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

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

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

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

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

C.3.5 #{TIEN

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

Python 2.2 license.

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

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

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

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

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

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

uu AR AL AR RN -

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML iEif2 prrgoy

xmlrpc.client EAHME DA EA:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Rt
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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_epoll HIglL{l A FHgH:

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 HLAL¥SHA kqueue 7 MHIAL {5 LA A :

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

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 1% 57 Marek Majkowski’ i Dan Bernstein 1) SipHash24 {2k EAE. BESUAT
TEEHH -

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

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

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

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

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

C.3.11 strtod Ed dtoa

Python/dtoa.c BRI T C (1 dtoa Fl strtod p&X, JHANE C (Y EERE VT B SO 7 ep BATHIE]. 252
A7/ A David M. Gay #5715, &FH BIE T DASE hitp:/www.netlib.org/fp/ T, %2009 4F 3 JJ 16 H
PIThg AR ) S A S8 A DA R R B2 R 1

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

*

* 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.

* % o

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

* % o

*

(Qi¥iE3)
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*

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

C.3.12 OpenSSL

4015 OpenSSL UM AT 3 R AL, Il hashlib, posix. ssl. crypt BIALE M A .
J5b, TAIE) Windows il macOS 1] Python %754 i A 4 OpenSSL s S MM IAS . DA It £ S e T
OpenSSL FZ il

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

L S S S S R S S R S S SN S S SN S S S S S N S e S S

(T IUakss)
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THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I R R T e S S N S N S N N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

ERE T R S S e T S R S . R S S e e e R S N S N S T I S R N
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Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "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.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L A T S S S S N S N S S SN S S S N .

C.3.13 expat

BRIEFE B E pyexpat MR ER ——with-system-expat, %47 & H—MHE S expat JFIAHS ) E]
A

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

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

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

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

GARAEEE _ctypes WM EN ——with-system-1ibffi, &HIF%HE7E & H—MEE S libfhi J5 44 151
IR

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

WNARAE Z 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi se & —MES 2dib a5 &l
AR

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3. #uyFlakaeny iR g RBUM 145




Python Tutorial, $[F] 3.9.23

C.3.16 cfuhash

tracemalloc {# H¥4E[EIZE (hash table) EAE, DA cfuhash BLZE([FIRLRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

C.3.17 libmpdec

GAEfE R E _decimal BiglMiik EF) ——with-system-1libmpdec, 7 H|#%i4H & FH—M(El% libmpdec ¥

2R R AR A

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

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

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

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

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14N B EH

test R A H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 4HuG https://www.
w3.org/TR/xml-c14n2-testcases/ #ehgE, H 2R 3-clause BSD 1% HE 4 #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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Python F13 {73 [ HH SO0 HUHE -

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].
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documentation strings, 23, 31
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E
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F
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