Python Tutorial
BT 3.124

Guido van Rossum and the Python development team

7 A 31,2024

Python Software Foundation
Email: docs@python.org






Contents

RS 3
fdi Ji] Python B 5
20 [EEIEEEIL . 5
2011 ELETIHE . e 6
212 HEPEES . 6
22 HBESSEERIEELE . e 6
221 JFATEIIFTCEHME (encoding) . . o o ..o 6
—{BHE A Python fij 4y 9
3.1 {8 Python FAEGHEMEE T . . . . . . 9
311 #F (Number) . ... L e 9
302 U 1
303 List (HRBU) o v v oo e 14
32 WG EIIIRIRE . e 16
WA TR R 19
4.1 1E BRI 19
42  for BRI 20
43 range () FRIN .. 20
4.4 [FIEFER break fil continue WA N else TA) . . . o o o oo o 21
45 pass BIATC L 22
4.6 match BRIRT . 22
4.7  FFREIC (unction) . ... e 25
48 TATHEERERR . . o 26
4.8.1  FEHEEDIEE . . . . . o 26
482  BHBETETIE . .o 28
483  ERIRBBEL . . e 29
4.8.4 AFEG|HF)FE (Arbitrary Argument Lists) . . . . . .. ... .. 31
4.8.5  VFfET|#5F (Unpacking Argument Lists) . . . . . .. .. ... ... ... ..... 32
48.6 Lambda 3EBEI . . . . 32
4.8.7 [EICfF9#H (Documentation Strings) . . . . . . . .o a e 33
4.8.8  pREU[EIE (Function ANNOtAtioNS) . . . . v v v v v v e e e e e e e 33
49 [WZEH: BAEGEM (Coding Style) . . . . . . 34
J2g st 35
S50 BT List (BRI .o 35
501 4 List B[ Stack (MEE)) fH . . .. .o 36
512 ¥ ListfEE] Queue ([EIF]) fEFH . . . . . o o 37
5.1.3  List Comprehensions (ERAGEEHET) . . . . . . . 37
5.1.4  HRPY List Comprehensions . . . . . . . . .. 38




52 del BIAIU Lo
5.3  Tuples FIFH (SEQUENCES) . . . v o v v o e e e
54 FEBA (SEUS) . o v e,
55 FHL (Dictionary) ... ... e
5.6 [EIBEEIG . o
57  BWRATIRELE (Condition) . . . o o o o e e
58  JFHIFIEMERMETLZ BT . ..
Bigll (Module)
6.1 IRATHREBIAL . . .
6.1.1 R AEEATAT . . . .
6.1.2 BB IREERS
6.1.3 [ | Python A2 . . . . . . e
6.2 BEUWEREAL . . . .
6.3  dir () BRI . .
6.4 B (Package) . . . . . .o e
6.4.1  FEELEF Import * L L. L
6.42  EEETZIH . . . .
643  ZHEHIIEL: . . e
oy A
7.0 EFEBEEARIS L
711 KRR SEER U (Formatted String Literals) . . . . . o o . o oL
7.12  FEH format) method . . ... L. L
713 FEIRRALEER . .
714 KA FERIETYE e
T2 FEHBREZE e
721  FEEYER method ...
722  fH 9son BEELEREALER ..
B sh
8.1  FEVEEETR (Syntax EITOT) . . . . . o v e e
8.2  PUAN (EXCEPtion) . . . . v v v i e e e e e
83  EIHIAN . . .
84  HIEEBIIN . . . e
8.5  PAMIiFE (Exception Chaining) . . . . . . . v o i i e e e e
8.6 HHFHEIIBIIL « . o o
8.7 EFIEHEINE . . . . .
8.8 THMEFIMIEBREINE . . . . . .
8.9 HlEE MEFIZMIERAMIFIAN .« . . e
8.10 JHEMBMEBIANEZEAN . . o o o o
Class (Ei[E))
0.1 BB RELYAT—ELEE .« . e
9.2 Python {Ef1 (Scope) AN 25 (Namespace) . . . v o v v v v v e e e e e e
921  AERIERFIGZZSEIIEG] . . . .
03  HIFLClass . . . . .
9.3.1 Class definition (BHEIEFE) 3BV . . . o o oo e
9.3.2  Class ¥ . . . o o e
933  EHBIWIE . .. e
9.3.4  Method MM . . . o o
935 Class JLEFISAHT . . . . . . o
04  BEEMMEE] . . . e
9.5 MK (Inheritance) . . . . . . o o vt v e e
051  ZELIK . . . e
9.6  FHEE . . o
97 HEEH . . . o
9.8  [EMREE (Mterator) . . . . . v o v e e
9.9 [EJAEE (GeNerator) . . . . v v v v o e e




10

11

12

13

14

15

16

9.10 [EASSEEIN . . L L 84

Python Kk by 5 A 58 87
101 FEZERBN . . o o o e e e e e e 87
102 MR EHFIC (File Wildcards) . . . . . o o o o o e 88
103 A2 FUTIH . . e 38
104 gESSmEEMRMERARLIE . . . 88
105 FERRGECHEEEY o 89
10.6  BCERAHPH . . . . . 89
107 HBEEETEEL . o o o 90
10.8  HEHELREI] . . . . o e 90
10.9 ERHERAE . . . . o e 90
1010 ZLEBEH] . . . o o o e 91
1001 VRS © o 91
1002 FEAERLARIEE . . . . 92
Python FidfE e XML EE—25 6 93
1.1 #HEAECE (Output Formatting) . . . . . o o o e e e 93
11.2 BEHAL (Templating) . . . . o . o e e e e e 94
11.3 iR E4HE (Binary Data Record Layouts) . . . . . . v v v v v oo 95
11.4 Z3AT4 Multi-threading) . . . . . . . . . . e 95
115 HERE (Logging) . . . v oo e e e e e e e e e 96
11.6 555 (Weak References) . . . . . . . . . . i i i i e 96
117 fEFA List B HE . o e 97
11.8 Decimal Floating-Point Arithmetic . . . . . . . ... . ... ... ... oo .. 98
[EEe s B s £k 99
120 7Y o o 99
122 FEMEERES . . 99
123 I pip RN . . o e 100
BUE T DL 3 s HE) ? 103
T B A A G i e s Sl [ERE () 105
14.1 Tab & [ %) 5¢ i (Tab Completion) 1/ s 5p[E)4HE (History Editing) . . . . ... ... .. .. 105
142 HEsUEEBISMIEICTE e 105
Floating-Point Arithmetic: Issues and Limitations 107
15.1 FIRVEFRZE (Representation Error) . . . . o o 0 oo e e 110
FiHE) 113
16.1 HEIREE . . o 113

16.1.1  EEERBETE . . . . e 113

16.1.2 WEATH Python [EIAS . . . . . o 113

16.1.3 HEIREIBIAEE . . . e 114

16.1.4 ZEUBIAL . . . . . o 114
fhsE& 115
B s e [EIW] Sk 131
B.1  Python SCIFRUERREM . . . o o e 131
WY BBz RE 133
Cl R e 133
C2  BMAFEGE DA A U Python IUAAIMEER . . . o o oo 134

C.2.1  JUHAPYTHON 3.12.4 (1 PSFFZHESAT . . o o o e e e 134

C.2.2  JH#A PYTHON 2.0 ) BEOPEN.COM #Z#fEAAT . . . o o o o oo oo e 135

C2.3  JHAPYTHON 1.6.1 fiJ CNRIFFHES L] « o o o o e e e 136

C24 JJAPYTHONO0.9.0 = 1.2 [ CWISHEGHY . . . . . ... o . 137

C.2.5  Jfji* PYTHON 3.12.4 [EIRA SCAEIRE 1% ZERO-CLAUSE BSD #2HE . . . . . . .. 137




C3  phUkEMCBE BB . . . L 137

C.3.1  Mersenne TWIStET . . . . . . o v v v i e e e e e e e e e e e e e e e e e e 138
C.3.2  Sockets . . . . o i e e e e e e e e e e e e e e e 138
C3.3  FE[EIZE socket ARG . . . o v o e 139
C3.4 Cookie F5HI . . . . o 139
C35 HMATEE . . e 140
C.3.6 UUencode il UUdecode BRZL . . . o o o o o o e e e e e e e 140
C.3.7 XML ERATFREIL . e 141
C.3.8  test_epoll . . . . . L e e e e e 141
C.3.9  Selectkqueue . . . . . . . . L e e e e 142
C.3.10 SipHash24 . . . . . . . e 142
C3.11 strtod HL dtoa . . . . . . o o e e 143
C.3.12 OpenSSL . . . . . . e e e e e 143
C3U3 expat. . . v v e e e e e e e e 146
C3.14 Libfli . . . . o e e e 147
C3.15 zlib . . . e e e e 147
C.3.16 cfuhash . . . . . . . . e e 148
C3.17 Hbmpdec . . . . . . e e e e e e e e e 148
C.3.18 W3CCIHN JIEEM . . o o e 149
C3.19 Audioop . . . . . . . e 150
C320 asynCio . . . . .. v i e e e 150
D flHEE 151
il 153




Python Tutorial, £(F] 3.12.4

Python J&—7HE 5 £, IIREEIRIARSHE T . EA mARER S Y ORI G, A T AR vk B
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RE]. (AR, ST i B TR e AR CUR(E], Python 8 & /EE)H 4 52 H AL I #5 & (extension
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CHAPTER 1

2Bk

RS AE RN EAE, AR BA L TR M A8k, BOPRE, REBERES CEHE
(EVHORH [ 48 2 A, sl T (R (e R e i 4 SO B — IR R WA T REAR AT I8 H /N
FheE, —MEE P GUI AR, si—E/NEk.

URARE — R E R B2, R T BESERAE B C/C+/Java RUdE, [EVRAS-PH B AE A, A, W
il PRI AR . A REIRIEE) T — AR g — B R, (R B W 2k dAw
REVRIEFE B8 — M RE LT s F e, AEAHRED TR DRt — i s eih = .

1E_ R BIFH, Python IFE 2R ABMIFES

WHFAR AT PAE) T L6 LB 17 55 1 Unix shell ()42 2% Windows SILUURE R IE, (H shell [FIA 58 5 i R E)
TR B SRS, N R TS . AR T A S 8 C/C++/Java FEa, (MR 58I
Bt T AR AR A B BRI 1] . AFCITT 5, Python S5 A, [EJAEAE Windows. macOS. Unix {35
BB, HAER PO PR TE T A,

Python R[If# 7 it 2 B BT B iR RE & . B4R AL shell (EAR . VR S 2 bk AR X AL LB 2 1) 52
& . 3—J71i, Python §fitLt C HMM iy EMR AL . AHEIL C, Python fEE—M [4R# & P FEGE S 1,
B [ v W i R B E s vy ) B . R (B 46 2 A i ORHRUE], Python i3 I fREJLE Awk
(B3 Perl) REIEBIREZ M E. B ATEFFZSHEH, (1 Python JEBIE LA 52 FIHA S 1) -

Python Fe AR AE DI HILFF 2 A5AH (module) [ 5 7858 /1] 22 HoAth Python F2{rr. Python H 4 —
AR AR ERERTAL, B MR e aR e M3 1 — PR R 257 Python B2 HEM.
LORTAHAR AL T UREE VO, RAIFIY . socket (IAE, H AL T Tk SEEJE 1 T A # (GUI toolkit) [ 77
T -

Python 2 ELiEARh 5, WEVRTR A s am g, AEEWRTERIEEBRE A Nl Bl R ] . B EL AR BE
HEHGE, FICREAy (R ECBR A RE S 1T aE . By LU S EPEIR AR 2. IRt — LA AR B 4 B
FeRa. BEWR ML AR
Python iU E FRKS M) S . 1 Python BRI R AR L C. Co+. Java EAERAL. EAH A
AR A

* Python = B BRI EIRETE—BIOASK (statement) IR EVE 1 #2415

o Bl 2 B DA A HIECED Dot o 1 35 58 5

o ANFERE AT
Python J& T & 749 : QIRARE Ry C REsX, TBIE (57 i [ ok A SO B s v R A S 1Y . I
st (B 17 P e PR 01 73 3 56 I — S B SR 4341, 2 3 Python 45 ) —SEE L — 3 (3B 5 (binary
form) R R CRE (BlANER 2 (ERERT R AR il A Ui ) o ARARREE 2 B RRAYAS &, AR HT DAL Python
HapmEA R C MR, EERZ MRt Python B FE el MR EI MR 10RR S -
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JEAE 4, S EEE S 2 0A BBC (#9158 (Monty Python’s Flying Circus) fiy4, HCiEsz4&E4HE. 1+
EIBH sc: s | A =B NMEE R E, & E R E!

QAR AR BIAE O S BRBRAGH, IR T # Python SEZAAH, MERERES R =M HEMHE. BT

A AR AR, B (El, 51 TR T 7 Python F 3R vh BiEL

%;gﬁ%ﬁﬁ o e AR E T R R . E B N R AR, (AR E R R R TR R B
I

PR BCERE], MG ER T2 #0 N 4 Python 5EF B R A 240, —FIiR 2 i B0 8 5 0

(expression), PR (statement) FTERIF(E] (data type); 8 2R (function) BRI (module); fxi% &

fil)— L i 1) R AN A1 (exception) B 5 H i FESH(E] (class).

4 Chapter 1. #Eib



CHAPTER 2

{&£ i Python ErEs%

21 FEEER

Python L% %% — Mt 44 7E /usr/local/bin/python3.12 {8 F; # /usr/local/bin JiIA Unix
shell (I RFEAS, #A LA 525 7T PAEIS) Python:

[python3.12 }

RE[E)E) Python' . [HEVE e A2 H [ER M 22488 0, HA iy B [EHL @4 FTREIY S5TARRTEMAY Python
AR EZGSTE. (Hli0: /usr/local/python SEMN WY 5 BEHEE. )

Windows 2%t H, ¢ Microsoft Store 7% Python % , Bt A python3.12 634 T . WRZEET py.exe
launcher , HIA[PAGEH] py 3. #H2EMIE: setting-envvars, T f#HAEIE) Python A5 2.

T B RS A —1f end-of-file 7T ({£ Unix E[E) Control-D; ¥£ Windows F[F] Control-z) & {fif5
H A AR HRE] (zero exit status) BERH. W1SR FRMMEEA R, WA AATE S quit () BEPHE
o

HiR R0 SRR A R 2, 7E3(#% GNU Readline pRAER R4 L5 BB, FLBUC. 18
AW EYRE. A SR AR 20 sy vEE]: 7E5S - Python #/RFF R A Control-P,
R HBREER, giEA R RNEZ & X m 8508 & e E 4R AR B bk g . R AHE)
SEANEVAT B KB P, AU RIEIEAT S SR AE . MR SREHET backspace K FTHY
It

LR MR ACIRE Unix shell: WSE: BP0 LG5 55—ty 958, & 5L MR 74
A5 ISR IT Y e AR A4 ()5 | 3k 6 sedin AR SRS, B Erfa 1AE S DEA REH .

H—Ee EEer R ([E python —¢ command [arg] ..., BEHITHE command B354 (1),
FrE A shell 1) —c HEIH. Python [ 4 %61 25 111 55 shell | HFFIkF 0T, 5 &N 598
command A,

A7 2& Python FLAH (i L ANEI A —HE )y . iEi# python -m module [arg] ... W PASAAT module
BT SR A, AN ) e ARSI 52 B AR — BRI AT .

TEAT - HEARE R, A R A B EAR A AR R A BB, R AT EAR TR A -1
Fr A 184 7] 1) 2 SRR HFRCAE using-on-general.,
7 Unix 1, Python 3.x HiZAFTH R 24N Er0A python fEERIATHEA RE, DABEGRELBIA Y Python 2.x U174 4 RLET 28
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2.1.1 {HESI®

BRI EIA Y 2 RSN G | #f% , b ErisEIE o =5 r AL s List (ER %) [EIEURAS sys 4
) argv B#. RO ABIAT import sys BUSHEMEES] . B ESRE 2 /DE HERGHTMER
HREFNG | #F, sys.argv[0] [EIEFH ., HEARZE - (F5EHEEA) BF, sys.argv([0] "=
WAEH —c command W, sys.argv([0] Vo', A —mmodule B, sys.argv[0] [EREERAFAEN
SEREPEAR . HARAE —c command B —m module V)3 AN 9 Python B REARW, T2 BFE sys.argv
s P 4544 851 command 5% module {51 f .

21.2 RN

TE4R 1 (1ty) AT 0, FIRRSTE 2 B BER, (interactive mode) hiilifT . 7ESSTRELR, 8T £
WA, TR TT WS, SRR SRR (>>>) %5 BAGATTH, SRk 2in
B, AR (.. ). AR, HOSUREGIAL . BURHUE . RCHEER, A R

$ python3.12

Python 3.12 (default, April 4 2022, 09:25:04)

[GCC 10.2.0] 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 RIGIERFTREE (encoding)

% Python J5UHA I 46 57 TR A5 00 UTF-8. 732 0 Sl (1L b 2 o0 o 19 S0 55T DA B o
FITE-FEREAS . AE)4 Gdentifier) SR —— BESRTEREEB UMk FLRER ASCI L fFDMIES , it
AL portable BT RSFAOIEG], WISLTEE MEOEUR A TIC, A SIS TS A EE
UTF-8, [F) FLit 5 AR 2 T e 8.

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

[# —*— coding: encoding —*-— ]

o, encoding 7] PASZ Python & (/T = —7 codecs.
e, A Windows-1252 #ifl§, VR 28 2L 8 AL

[# —*— coding: cpl252 —*-— }

G — IR B SMEE), FEUREELAUNIX “shebang” line 17 BAUEING . LI, 45l A BB 1ERE SR 1)
H AT, sl

#!/usr/bin/env python3
# —*— coding: cpl252 —*-

6 Chapter 2. {#F Python E:#2%
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CHAPTER 3

—{E3FIEZRY Python 4

TE T EE1Fr i A B 1 A R EE A R o0 (prompt, »> Al..): WHRBLEMEF], JRLETE
PORFICH B EE, AR T IO T ITAEEZ; AR AR FICB AN SCFAT 2 B A I B
g%ﬁﬂ&ﬁﬁ%*, AT A R Fooky, R IRE T S 24T A 4R
T .

FEAFE PR 2 @O, M rEEs @A, 7R EEmM. Python HiE)# (comments)
hash 7C # BRGG— B BIRZATAE R . [EMBTDAERZATZ E . SR, BRI R BRG, (B h BiAET
HASCA (string literal) Z 1. hash FIC7EF H SCARZ HPIRFTIE)— hash 5278, FIEIEIE 2 T AREI R
TS @9 Python ff#ill, FEARE HBIREA—E B A .

— BRI :

# 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 & Python E{EstH#{EH

%?ﬂﬁﬂi?ﬁ%ﬁ*%’%ﬁﬁ% Python 454, [EBy A &G LIS — MR FIURTIC >>> MBl. (EZAESAR
A

3.1.1 25 (Number)

LR b ] — & i B R S : AR AT LAB A —{i expression (JERSL), E@HH(H. Expression [
FETTDABEI - T L - < A/ ATDAMIREATIEE S FEBE O WA M. ldn:

>>> 2 + 2

4

>>> 50 - 5*6

20

>>> (50 - 5*6) / 4

5.0

>>> 8 / 5 # division always returns a floating—-point number
1.6
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By (W2, 4. 20) [Eint 248, H5A/MEERGR (5.0, 1.6) [El float AL, M
TEZ AR BB B 3 2 Wer MR A 2 A

BR3E (/) i ] f—{ float, IR B floor division [EIZFBEMAAER, ARATVAREN // 8515 FHE A&
BT PAGE T

>>> 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

£ Python 1, FH5ERK (powers) AT DAfH ** #5 ' :

>>> 5 ** 2 # 5 squared

25

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

SERATER (=) FTA RS VS OB IR Se 2 1%, 76 MRS FICHi B S UR 4R

>>> width = 20

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

U — RS BORYE [ £ 5% (defined) | (RPSEBORWIRME) , S35 (0 B & B — (R B e -

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

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

V7 BB E SR SR SR, TEFT (operator) i FIR-AHYIERIIT (operand) IR € LR B HE T EE)
TR

>>> 4 * 3,75 - 1
14.0

FE B AR, Rl E R GO R G R IR 22 M _ . BFOREIRIE Python {EsE LRt
AR, ERERTEENES L

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625

>>> price + _
113.0625

>>> round(_, 2)
113.06

T {5 MU s i R E L B . R R A b E) & BR A - AR T AR 1 28 7L 44 R AH ] A A b
S AR 2 e TR RS RN A A A T

7T int Ml float, Python 323748 T HABM M AIAE, f0% Decimal Ml Fraction. Python ZREIfE T
PR (EJ#f (complex numbers), [EIffifH 5§ fil T B A 2 EHAH (B 3+55).

: o PEFI - mIERNT, -3 2 iEREE - (3v+2) EME -9, WURTEEGERRNEEIET AR 9, JRATDARE
M (=3)**2,

10 Chapter 3. —{HJEIEX A9 Python &4}
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3.1.2 X5

Python W] DAFEYESCA (B str BEIF/R, BIFT#ER [ (strings)] ) AT, SFFC!”. B
Hi rabbit”, ZfE Paris”, AT Got your back.” %, “vay! )7, BMRIDAHEDIGEC ...
sEEGHE (". L) FERK, a/\ﬁﬂkﬁﬂlﬁ%n%%

>>> 'spam eggs' # single quotes

'spam eggs'

>>> "Paris rabbit got your back :)! Yay!" # double quotes

'Paris rabbit got your back :)! Yay!'

>>> '1975'" # digits and numerals enclosed in quotes are also strings
'1975"

ZEIH515C, RMFTFEAEHAE M b\ 2 TBAED & sl BT DU HAL R 5| 58 -

>>> '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.'

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

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

1E Python shell 1, <5 i A1 FH T BER R AR . print () ehaCEE A NS 5] 9 E E T BEE T
AR 7 O AL B B m] M A i 1 -

>>> 5 = 'First line.\nSecond line.' # \n means newline

>>> s # without print (), special characters are included in the string

'First line.\nSecond line.'

>>> print (s) # with print (), special characters are interpreted, so \n produces.
—new line

First line.

Second line.

WERARAA B Iunl B\ sy iRk 7 oemE, ATDARCRE I raw string, AE25— LG 58RI 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

AT B — R AT ER AT REAN G AR \ FOUK R RSN R EAR TR %
AR E ¥ -

THISCRIT ARG T, Horp— AR () — i s e "ot o BCRFEAT
HEIATFHRE S, B AEERTROMA \ KBS EEFTE. AR filFr
print ("""\
Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to

nn ")

FEAAT L CERSE - MEAGEEE S B ETh):

PRGBS, RRREFSEAN \n ZEBL (L) AN (L) SRR M AR . RS SR ME— 22 (), ER R B [ 9R
TEBE " (EZBEI "), B AR .

3.1. {E Python E{E5tH#ER 1
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Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

ST AR + T (concatenate), [EU] * HA &% e EA

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

W DAL ARHRE P H3 SO (string literal, RIS | SR AL 75 ) @l B ekt 2K

>>> 'Py' 'thon'
'Python'

WARARE ) Be - WARR R TR IRy, WIATAR 5 (B B B R A

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

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

(BRI RS AR AR G 7 AR (LR, 17 o A A A el e g o

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

AAAAAAN

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

YRR S A o (S R L, B+

>>> prefix + 'thon'
'Python'

J

FH ARG [RT| indexed | (N2, BJ subscripted), 55—fH 5 CiRE {EE 0. [EAG 87 2R oo ZIE;

— i FIo R —R/NE 1T

>>> word = 'Python'

>>> word[0] # character in position 0
IPI

>>> word[5] # character in position 5
'nl

ROMET AR AR, BLRFSOAE A B aa s

>>> word[—1] # last character

'nl

>>> word[—-2] # second-last character
'OI

>>> word[-6]

IPI

HERRIAEE -0 R 0, AMRTIMEH -1 Bk,

B TRTION, FERIRSAR (U1 slicing . REIRER BT, WY1 AT AR E S — 775

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

Y1735 (slice indices) AR M A ME, AWEEERG AR ERRE 0, 045 W5 2 5 | E Ry TS

fifl 7 ER AL 5 AE slice

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

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

'Ol’l'

>>> word[—-2:] # characters from the second-last (included) to the end
'Ol’l'

HEREMAGEPA S, MEERAGENBES . SR T s(:1] + s[i:] KEFR s:

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

T EA i ] LT AT slice /2 ANMTIEARR) J7 2. AR slice ARG MERRZF TITMZ B, HrpH—{ 5 Ior) 2=/

@i 0wt J o ooy 7 i iR — P oo A B e KT ME », Bl

Fo—— b —t—————————+
Pl yl t |l h|oln|
e e Atnt
0 1 2 3 4 5 6

=6 =5 =4 =3 =2 =1

AT T A E TR RIMAEE 0.6 IALE; 3 ATRIEUR TARTMEM ML E. i 2 j 1Y slice 175 THE

7 1 BRI BT AT T

FARBMM RS MEN =, — W slice {Y-REFRHRTMEZ 2Z, WERRFEFLT AT, filn,

word([1:3] WEEE 2.
B — R K Y 2 5 1 e -

>>> 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

SR, H R 1) 2R 5 | {EAE slice H gl 2238 1) B P -

>>> word[4:42]
'On'
>>> word[42:]

[}

Python “FH A IS — BN Rimmuiable. L, k75 i R 5 A B e B A gk

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

>>> 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):

TypeError: 'str' object does not support item assignment
WRARTF AR T, VRS — BT -
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>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'"Pypy'

ElA R Len () [ —HFHRHRE

>>> s = 'supercalifragilisticexpialidocious'

hz%
textseq

FER A sequence B EI #H 2 —, [EICREBIEN A #AE.
string-methods

FHp R AR 2 ML EI N 20 method (J7%%).
f-strings

LS R AR TR OOR
formatstrings

BJAZEM str. format () FHEEAEI{L (string formatting) & 7M.

old-string-formatting

T eRlE) & S T I ZSERTOR, BB I T R UL E, B2 MBI S N4

3.1.3 List (&%)

Python PRAFMFEEIG AU CORIAE], A AARBEIE. # i mZ0E bse, AT R—R5
PAIZSEM AR B (2 oeR, Ml item), WETES IR H . List AR AFMER TR, HillHE
BT A R 1 UE):

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

W (PARIAEIE R sequence ZUE) , list \TLARERS 1Y) )1 (slice):

>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

>>> squares[—-3:] # slicing returns a new 1ist
[9, 16, 25]

List ¥t 37 2 41424 (concatenation) 254

>>> squares + [36, 49, 64, 81, 100]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

AEITAEER Beimmutable, list Emutable BIF), BPcss list (HEIZ 20 REN

>>> 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]

14 Chapter 3. —{HJEIEX A9 Python &4}
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PRULAT DATE list Y AR MK TR, @ 1ist . append () % ik (method) (FMAHE THEIEZL )y
VEME) -

>>> 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]

Python iy flf SR i i AN @ EIEVRORE. B List SEURASSE RS, S22 IRRA list. (LA —
11532 BCEF Tist B0 S At i R 3 2 MR S B i A LA R 3

>>> rgb = ["Red", "Green", "Blue"]

>>> rgba = rgb

>>> id(rgb) == id(rgba) # they reference the same object
True

>>> rgba.append ("Alph")

>>> rgb

["Red", "Green", "Blue", "Alph"]

A U1 R & ] T list , B & BORMITR. ERGEEE AN MU IR list g B EE):

N
>>> correct_rgba = rgbal:]

>>> correct_rgba[-1] = "Alpha"

>>> correct_rgba

["Red", llGreen", "Blue", "Alpha"J

>>> rgba

[llRedll, "Green", llBluell, llAlphll]

WA PAS slice BRIE, 12 HEMCEE List (RN, FER RS list:

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

["a', 'b', 'c', 'd', 'e', 'f', 'g'l]

>>> # replace some values

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

>>> letters

['a', 'b', 'C', 'D', 'E', 'f', 'g']

>>> # now remove them

>>> letters[2:5] = []

>>> letters

['a', 'b', '£', 'g']

>>> # clear the list by replacing all the elements with an empty 1list
>>> letters[:] = []

>>> letters

[]

[ElE ARt Len () ZRATRAYE HIAE List |

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

WA DA EZ G list  (F7 list £ 2 Hofth list) , 40 :

>>> a = ['a', 'b', 'c'l

>> n = [1, 2, 3]

>>> x = [a, n]

>>> x

[['a', 'b', 'c']l, [1, 2, 3]]
>>> x[0]

[vav, vbv, 'C']
>>> x[0][1]
'b!

3.1. {E Python E{E5tH#ER 15
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3.2 YIRIENETHIRI BB

WO, FATAT AN Python ZACpEIEL 2 i 2 SEEefy AR ildn, F™nl RAED 28 (TR i oy 71 -

>>> # Fibonacci series:

. # the sum of two elements defines the next
. a, b=20, 1

>>> while a < 10:

[co NG IOV RN SR e

print (a)
a, b = b, atb

BT FIA T # 2R

S ATIBL Y ZEIE S a B o [FREE) TORTIOME 0 B L. FERAR AT AR AR (E A T
— U, TR T AR BGEST (expression) & SEHEETH (evaluate), MRICTHEE/E. AR A h 22
EHRFREF.

while [EfE REEHGAEE (WHEH: a < 10), & HEERIT. 1£ Python FI[E CHEF
R HEB A MEEE (true); FEUR (false). AT DARTFH ., list, F& 5 TP HI BUE]; T4
EBRENFHIEIE, 25075 EIER. A6 7060 F A6 02 0 5 B A b . A A HL e as 1
(comparison operators) I {l1[F] C 555 —REAIFFHE: < (UNR). > (). == (). <= (/id
EN) . >= (RIS PAK 1= CRER).

(EVREl ) 4 8 6y 4 4k A HELE Python v AR B —BEBRIA. EHBASRRToch, IR EER
[Elr—17—BRIAHEA tab sk (IR ) 25 FsRMERAA . B0B L, AR ESErE SO Amitas T (i i
W ERER A 2B SEA A B AR DR, — MO A BUA AL B U, WA
KR 2 I —AT AT ARREATR (FERRE R B A B R TR A B G oA i iz —17) . 7
TR A HE B v (R A HE > S R A — 2L

The print () function writes the value of the argument(s) it is given. It differs from just writing the expression
you want to write (as we did earlier in the calculator examples) in the way it handles multiple arguments,
floating-point quantities, and strings. Strings are printed without quotes, and a space is inserted between items,
so you can format things nicely, like this:

p
>>> i = 256*256

>>> print ('The value of i is', i)
The value of i is 65536

L

[ 75 | 94 end WT AR ARG S BRSO EATAF A B b, B DA TR B9 5 A 5 R o

(>>> a, b =0, 1

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

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

16
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RN T fRR IR

B THIA N while, JEEHIE G /4R —LE Python 1Y BUA XY

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

TERARR T, AAEERAZ LM elif Bk, H else [ELREIREVNER. BT e1if & [elseif | 1y
iR, HARBRWZAHE. — M if ... elif .. elif ... JFHIA A AREBACHAREATE S W switch
B case BRI,

0TSRRI 5[] — {18 (i L 2 o AT O, s A e BB e, AR AT RE & 88 H match BAR
RAH. B2, #E2Emnach kit X,

19
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4.2 for BRiAR

£ Python H1f#Y) for BUAA BN FATE C 5 Pascal st Ji] . AHEUR L REIEMR (iterate) — {45725 ¥
5| (40 Pascal), sifs Tl # E S LB BRI LG (11 C), Python i) for BOAKIEMAEM 751 (list
HFETH) BTR, TR MBS TR . gl (R )

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

J

FEER AR EEGZEAMER, REERGEZMER. HRAEBRNERT, REAMES
MRS, g — R RS

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', 'E K El': 'active'}

# 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 BB . B0 AR5 228051 :

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

S w N O

J

e I 4 RAEIGE N & BAE A U P81 s range (10) AR 10 fESUE, BUSHEAFIR—H- R EEE 10
)7 9 Vg — R H 2R T B 0T DA range (R HARBME B ARG, B eERF A% (REEA;
A kRS2 [E] 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]

MER TR ME, RATLAMEECH range O Fl len () AIF:

20 Chapter 4. AT MHEEH
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>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

SR, FEZBNIEE, M enumerate () AMGHE M, #EREIEE7.
R BB B R range HI @ ) BLAT R0 -

>>> range (10) }

range (0, 10)

TEMRZHET, i range () BIERYFRBGER M st (o)) —bk, EEE EEEAZ. 2l—
ATEEM IR REEN I (BT 2R i 750 h B B H B, (BB & FUE R 7510 list, AR 2.

AR Rk (o Eirerable (PTEVRYILE) 5 RIREVEE R 3 2 M hm] DA— B IRCE H 2 Uk i) 3
G WM T for PuAUn2 MILmZemt, 5 —{E ] iterable e XA BIZ sum () :

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

6

Rrer A AT DB 2 55 £ [n] {df iterable F1{di f iterable (FI5 | #fph X . 764 #H e bhetlith, M esmyL
B 1ist () ROANES.

4.4 B8 break 1 continue FIRKX K else F4)

break MRz, I EHERERS for 5 while [EE.

for fll while [EE WA —fil else F4)

7t for [FE, else ThIG7EEIE BERKMERERNIT

7 while [FlfE Y, B @7eEIRE M8 false BT

AT —REERE T, ARERE H break #1F, RIREHAT else T4,
T for [EIRE AT TRGIEN], ZERE AR

>>> 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 00 1 O U i WN ¢ ¢ o o o o« o« =

4.4. FIE[HY break 1 continue BRIRRX K else F4) 21
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(B, ERIEMMEX. WA else THEI for R, EHE it puak.)

W else FAYMRNEIRE R, AHEOERD 1 £ BOAE T, BT EE coy BRI else FAEERL:
try BRI else FAIEEF A H14) (exception) BEETT, WEIREN else FAIEEH LT break
AT EELAM try BIARXFIBIAMNYNEGH, WRs2e o),

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 B

iaSSW BAAPATALTE M. B W] AERRE BB AR T 2T AT B R e
H

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

TE ACH A T fE B class (BHIED) -

>>> class MyEmptyClass:
pass

pass IR FEE— 18 o 2 s 1 40 0 M T B (0, e ARAR 0 T A TS IR R R PR S 1) A
JEUK . pass @ EILGAM:

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

4.6 match BEiR

match Bb e B (FER,  [EI Hf BE  (fH A AR X (pattern) JEAT HLER, 13 SRR DL—(H Bk
2 case [EILARE N, £l L, B C. Java 5 JavaScript (PAKFFZHABFET) 1Y switch A,
{H'E B Rust 5§, Haskell %55 5 #FAY4C VCAC (pattern matching) SE[EIAHIT . HA 55— DCC R o) A e €
AT, MEE AR (PP e R Er:) 1 b i s -%IEFO

I ELAYIEA, B T (subject value) Hil— i s 2 {7 (literal) HEAT HLE:

def http_error (status):
match status:
case 400:

(€ & o))

22 Chapter 4. AT fEfRE=EH
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(R L —5)

return "Bad request"
case 404:
return "Not found"
case 418:
return "I'm a teapot"
case _
return "Something's wrong with the internet"

J

EE RSB (W] _ RAEEE A F A (wildeard) (0, HKE AR SV, AR EA case
VEFCALY), FANE AT 735

PRATDAGEA | (TE) 2Rt 2 ik (B A A e B — A -

case 401 | 403 | 404:
return "Not allowed"

P AT DA A3 2 PR A (E (unpacking assignment),  FL 0] DA FH AL 45 S

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, Vy):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

J

AN AR il 1 S — AR W aE, W] PAARE R 2 B I i M{E R . (2 BT
A IERSAS O T — AP — R, Haz (T4 (bind) TR E £ (point) M—fHfH. 50U
R S ER A, 8 A EEA S LUK (x, v) = point.

WAARE class SR HEMARAY EORE, VRAT DA 3% class B4 B _E—18 51 B9 &, BIRl—(f 2@ X
(constructor) , {E'E BEIEH & EETH ) s

class Point:
def _ init_ (self, x, y):
self.x = x
self.y =y

def where_is (point) :
match point:

case Point (x=0, y=0):
print ("Origin")

case Point (x=0, y=y):
print (£"Y={y}")

case Point (x=x, y=0):
print (£"X={x}")

case Point () :
print ("Somewhere else")

case _
print ("Not a point")

J

YR AT DAV B 25 8 (positional parameter) Hi— 28 GEFIHE H & 114 [E]7 class (40 dataclasses) —2ffi .
PRt ] PR TE class HOE FRIAE I __match_args__, AGEFEIA P MM RS AE . IR B
BOEE Ox7,y?), BT ABCE R SRE R (HAR e @ v 45| var )

4.6. match PBRiR 23
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Point (1, wvar)
Point (1, y=var)
Point (x=1, y=var)
Point (y=var, x=1)

= e

PRARAI — RIS vk, R EME MR AR @ e (assignment) ZE [IEVRI—FREE MBS, S
ATDA T b sl e g ST . DA (02 RIiRY var) REDE match BOARIE. 2595
#HE (W £oo.bar), BIEAR (LTI x= & y=) B class A8 (A EMRmEAC.)" Bk, W b
Point) HIKE MEABIRIE.

P AT DM B H W BLE (nested). 1201, A0SR FRAM A — 1 py 20 25 Fr AL A 0 7 0 List,  FRAM gl T DAMRE B
A __match_args__ ¥ E#EfTVLHL :

class Point:

__match_args__ = ('x', 'y'")
def _ init__ (self, x, y):
self.x = x
self.y =y

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)]:
print (f"Single point {x}, {y/}")
case [Point (0, yl), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}")
case _
print ("Something else")

B TR P IA Ml 1 4], FE] [15# (quard) ). QREPGEERE, A match GAMERT
— il case . FEVER, (EAEMCE AR N AL 2 A

match point:
case Point (x, y) if x == y:
print (f"Y=X at {x}")
case Point(x, vy):
print (f"Not on the diagonal")

AP o o g At 8 1 R (5

o BLPFARIERY T ERL), wple (GUAL) Al list BCRASEAAMFRESE, 0 H I LT PAPCRCE R
Fs. —EEZAHISL, REMAGEIEEEA S (iterator) 55 H .

o F B (sequence pattern) W] 57 % 1% FE ¥ f# (extended unpacking): [x, vy, *rest] Hl (x, vy,
*rest) BVEABELUATFRME. ~ BEARWEATUE _, A (x, v, *_) SICE—FZEDm
W7, HAS e g i i S DAS MY AR T

o MLEHER (mapping pattern): {"bandwidth": b, "latency": 1} fEf¢—1 dictionary (i)
[EJHL "bandwidth" K& "latency" Wf{H. BFFIBIARMH, FHIMOE key) GPiZME. —FHIR2
**rest IR, WRATHELIEMN . (H **_ QR ZR0M005E, BILVEEARg R .)

o {di B8 as AT DAEJEL T85x; (subpattern):

[case (Point (x1, yl1), Point(x2, y2) as p2): ... J

eI AR S R CRAEE p2 (L% A& — {8 by Al B T AL 751 o

o KERA B T E 2 5 th AH SR (equality) SR LGEZ, {H/E B34 (singleton) True, False fll None
et IR E (identity) 2R ELHL .

o AT DABE B 4% %5 3 (named constant) ., 35 UM B AN A4 R, DA 1 1 A R (ED (T B
B

Py Chapter 4. FAT RS
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from enum import Enum
class Color (Enum) :
RED = 'red'
GREEN = 'green'
BLUE = 'blue'

color = Color (input ("Enter your choice of 'red', 'blue' or 'green': "))

match color:
case Color.RED:
print ("I see red!")
case Color.GREEN:
print ("Grass is green")
case Color.BLUE:
print ("I'm feeling the blues : (")

R S AR AR RIHAR B, AT DAERE PEP 636, & J2 AU AR 2 4 55 1T 1o

4.7 FFwEFH (function)

FeAmr DA S ek A AR B s B — i E 5

>>> def fib(n): # write Fibonaccli series up to n
"""Print a Fibonacci series up to n."""
a, b =20, 1

while a < n:
print (a, end="' ")
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

BT def NMEH—MRAR T £ EZRUAEZE R ERIFRZ TR —h28. AT 17
&, BT AR BRA R E R e s

— A B X B — 1 Bl 20 A] DA — (A R SN % R SO W ) % ok X [ B S, B doc-
string.  (BH Y docstring [ 41 i 75 2 WEI8A T4 F & (Documentation Strings)Ex ¥ . ) A 46 T H. 0] DAfH
docstring 2R [ B [EVEE] sk nT 50 B fg S, sl i 2 RE LA B iY J 207 DR A 15 i (BB S0 . e SRR 15
HOMA docstring J2 A GFE G, BEZEGE AT ETE

BRI X AT IR ST — (BT A5 95 3 (symbol table) <k 77-3% bR X [EI A [ 38k 5 8 (local variable) . SRS ffEblE],
Jr A 7 o 2B i St A A0 SO R A B A — MW AT 98 e . SRT, E5 | — (B A ey, € o7 I aiA
SERPIIRE S, HREISNE e IS, HRFI& 55 3 (global symbol table), &[T Fl#
480, PG, R, s s %A ok U S AR T DARES |, (Rpl Bl (BRaR4xdakas
WIEAE global Bkl gie s, SNE M3 37E nonlocal FIAX P ESR).

R PF I P e, BEREANSE (5180 A 2% kU0 mIRAF s k. Hik, 518EA
)l 2REMR AR (call by value) (iE[EVEUE A K IE & —HPI ) % B& (reference), TASZRZPIFHIME) o
B o 2P Y [E) Y R 2SR IR U B [ O, FER P ] 16 o X 7 — (B 0 [ AT e
R E SR, SRR T R, BT —AAE, 2D
F#& H &R (user-defined function). #%{H 7] AR €SB EIR S84, % 5 B0 o n] ARG R Ut
B R ES a4

VR L, AR ake$o] (call by object reference) IENE T RERCEING ). PE), MR AT Y, PRI A1 BT
SR AT (BB A list Br#iEH ) .

4.7. F#&EHI (function) 25
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>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

IR R HEEE =, AR REA A £ib 2R, M2 ERLT (procedure), [AEE [EIEA [l HHH .
L, HIfE— ﬂﬂufﬁ)&&“*ﬂﬁl return BOARRK, EIRA M EE R EE. EEERE None (B2
—MAEEATE) . fEH T HB A None By, EHAGPHUR. RATAREH print () REFE

>>> fib (0)
>>> print (£fib(0))
None

SR By o 2 R S List AR A, BURES:

>>> def fib2(n): # return Fibonaccl series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []

a, b =0, 1

while a < n:
result.append (a) # see below
a, b = b, atb

return result

>>> £100 = £ib2(100) # call it
>>> £100 # write the result
o, 1, 1, 2, 3, 5, 8, 13, 2i, 34, 35, 89]

TEAE ] —HOR T — 28Ry Python Hi::

* return BOAKX G X A E. BB return RAMNI—RE R AEES [ #ors €l 4
None, —fpzCATEIG R B & [Hl 4 None,

e result.append(a) FARIER T —1# list #){F result (1 method (7 %) . method )& i
— AP F PR fﬁ@%ﬂ/ﬁﬂl obj.methodname, M obj [EEMEYE (JRAIE-—=#ER), 1
methodname [EJ#% method 4 7%, Ef 4R E €. AEOEEEFRARE A method, A
[F] BUE¥) method R DAHEA —Hk I 44 A5 N €78 Python JRIG. (MRATDAMTH] class (FHE)) wEF#AC
P BUEIF method, R.Class (#2[F]) ) #ifflH ) append () method & FE7E list #){4 ;B G7E
#Z% list (ARSI — BT .. SHEGTFERR result = result + [a], HEFRCR.

8 FEATREXTH

5 5% bR 2 IRF 8 1) 1) 5 | B (argument) SRR TG . AR =0T DARLA BT A TE K

4.8.1 HESI®E

()1 2 2 {5 | 4 e TE R 2 ARA a0, BaCEsr AR, WA Hb e S8 E o /1 5 | Sy 5% o6 X
B

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

if reply in {'y', 'ye', 'yes'}:
return True

if reply in {'n', 'no', 'nop', 'nope'}:
return False

retries = retries - 1

€ & A}
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(B E—H)
if retries < 0:
raise ValueError ('invalid user response')
print (reminder)

% PR AT DA DA #80  Lpingny -
o NG| 8. ask_ok('Do you really want to quit?')
o T —(HEEIEM S| #: ask_ok ('OK to overwrite the file?', 2)

s TITET|#: ask_ok ('OK to overwrite the file?', 2, 'Come on, only yes or
no!'")

BEBIR A TR in, FREBUR S o A0 & R -
HRAEAERAERE T, A & B E R, Bred:

i =25

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

i=26
£0
A ETHH S

RS HSEIORE R WHEBET T F, I list, dictionary (FHt) sl 2 HIEIFE Gy,
GEVERFRSR . BN, AR e R R AT Y IRy AR AL E0E Y 5 9

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

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

e

[1]
(1, 2]
(1, 2, 3]

QR AT EAR AP 2 ) 6 PR (R, MERALTR 7 3w e X

def f (a, L=None):
if L is None:
L =11
L.append (a)
return L
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4.8.2 FHRF5IH
pR L T DAGE I Bl 42 5 71 0, DA kwarg=value BJEIFI. SEIRE, PATRA:

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— NG| (voltage) F=(HSEEMT | ¥ (state, action, fl type). R A FIUE—F
FORERY :

parrot (1000)

parrot (voltage=1000)

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

parrot (action='VOOOOOM', voltage=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

% W W W W
R W NN R R

(HDAT ] 5 G ek

parrot ()

parrot (voltage=5.0, 'dead')
parrot (110, voltage=220)
parrot (actor='John Cleese')

required argument missing

non-keyword argument after a keyword argument
duplicate value for the same argument

unknown keyword argument

PR UL IR, B 8875 | 8 (keyword argument) #AZHAE( 5| # (positional argument) {2 i . Jir A {40 (14 Bl
FH | B A VT — 8 W R 2 HE 1 (actor A parrot BRENHIARIE 9 , MBS H
NEJPEIREE ., B ARENES [, (parrot (voltage=1000) AR, —fH5 1B 2R
(B, RIS — 18 PR 0k R i s ) 0311

>>> 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'

J

W RS HE **name XKy, BHIC M dictionary (2L, 5 typesmapping) , #%FHLAL & T A
TR S EOAIMY B 5 |8, **name I[P *name 28 (F—/MINER) HAGMH, *name #
We—fBlmple, 7% tuple 45— HUAIMI MBS B (*name DA BAE **name Fi) . B4, #FAM
EFEARR R

def cheeseshop(kind, *arguments, **keywords):
print ("-- Do you have any", kind, "?2")
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])
B R AR ANy -

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

28 Chapter 4. AT MHEEH



Python Tutorial, £(F] 3.12.4

B R

—-— 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 i E B o IR AR (R ME s — 2

4.8.3 HHhEBE

FETEREIEE, 5| RE DA S I e DA B 7 8 45 Python pR=X. (BT A2 WT Atk Soakchig, RS 8%
@%ﬁ%ﬁééﬂ%, sk, FEEE AHRARRAER, MTHEES IR0 E, A AT, &
Fe 19 B SR R

PR UE S AT REANDA T AR

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

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

/A R BRIEY . SEEEATREE BT, RIS B AR e SN 2 BRI BRI o B
T OERESET . T2 M REE 4 28 (named parameters).

(I E =A% 35| 8 (Positional-or-Keyword Arguments)

AR FGEFR ARG /R~ Wy, 51T DASE (o7 1 o B R R A bR 5K

{£PR{IE 28 (Positional-Only Parameters)

U BE PR —Se A, FrE 2T DR EE R & . A HEERE B R, EMYIEPREZ, HiE
Y2 WONRE I B TR . (RO B S M e / (RHE)) Zni. / FRTEE b4 bR (3 R L5 2 9
SHAZY. WREAERPES /, WZOREH SR ES .

/ RS BT DR AL B 3B 48 5 5L TR M 42 5 23
{EPREIE 3|8 (Keyword-Only Arguments)

PHES YA EME R B 58 F , KW 2 MO AR 75 | R, W ZRTES [ R R — (R IR M 48 5 2
WRTHL L~
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BB B
A AR AE SR, TR /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)

F— KA EFE standard_arg REMEAERIBA, BIF0 )y KE TR S, 7T DA (07 E 0 B
TEET |

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

5% MK pos_only_arg ERAEFRPAE /, HICIERRE A &S 8

>>> 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'

=AM kwd_only_args [eRaUE ki ~ FHERR B 75 | 3

>>> 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

e R A E ] — R A S, i T i =y 2

>>> 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)
12 3

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

(HEBT—TD
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(B E—H)
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

Itk , HEEMEAER, WR ~rkwds [Ef name EMEE#, WHESLALET | name (A [EI7EM5E -

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

I Z e sOR T REN Y True, WEBAT 'nane' JKid@METEE—M2 8. Hl:

>>> foo(l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

(A 7 (EERAESIH) 42, SATAT . RaUESRE FLEF name WARMES L, M 'name' ] DLE
k- Sk CRibE X

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

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

[EVRRE], (ERRALE S M A R AT ATE **kwds A, MIAEILEBSE.

[E1&R
I 091 () WO 6 2 T AT v o 5% -

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

[EJHA -

o QURARRGEGT AN 28R, RO ERALE . WS REG T SRR, IR T
A bR I A HES R, B IR (O 2 ORI R B i ey, s R =R

o WBWLTATEIE, LR & RE TSR o 2 S IR, S A S 0 T | il PR
O, 3 R R

o HA AR (APD, SERMERRAIE, AR 1A S M RS MURE i A APT Y P BT P T

4.8.4 {EE5|81%53 (Arbitrary Argument Lists)

AR, A REA TR, 2 AE R I RE, AT AGE AL o R 5 3. 5285 [ Hea gt i —
il tuple Wi (5 R Tuples o /-5 (Sequences)) . {EVTSEHURAIT I B2 1, 7T REA 28 2 2 - Ed 5 | 4

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

HH;, 8L variadic (RISERY) 519 1 BIES MO R BOR 8 ERE M RT DAL I R 4 R X 7
REATHEHHENR. B *args 2URMMEATSHLZUE TERBMET ] 518, BHEMARE
[R5 1 8, TN RE RGBS | 3.

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

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

€ & A}
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(L —5)
'earth/mars/venus'
>>> concat ("earth", "mars", "venus", sep=".")
'earth.mars.venus'

4.8.5 IFEES|8%13R (Unpacking Argument Lists)

5| UM E SEAFAE {1 List 2% tuple [F], HE] 73y 2 — (752 EMES [ B ey, i 295 e e,
IEEE A . Blan, [EE range () R ERABI start Al stop 51 8. WNHIE LL5 [ HUR 20 BIAY,
R EAErEny g = CRE, o+ ﬁﬁ??ﬁ%l%{ﬁ%@ list 5 tuple A Mg HH 2K

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

[3, 4, 5]

>>> args = [3, 6]

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

[ FicHiL, dictionary (57#) FTRAM ** SR EHE B 8 55 | 40

>>> 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 !

4.8.6 Lambda ;&&=

lambda BT HRBEN /NGHES K. lambda a, b: a+b R[S #U¥ M. Lambda pFal
A MRS ZE R Ny . FEREE L, B MR E Hag e @B, AR L, el M
L@TE%B’J fyA B (syntactic sugar), HHELIR pR >0 38— 4K, lambda pf = m] ATE AL & A Ik 5|
S

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

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

42

>>> f (1)

43

T B lambda SR T — (K. 53 AN AR RNk R 1 |

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

>>> pairs

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

PATF 72 B A R SBR[ A R i

S ATHEb R BB W B i R . [EVRRRREIR, N MEAE S5 [E W] b i oy 17 i1 22 A g 24 [,
ﬁ,ﬁ\ﬁlﬁ“ﬁﬁf PARERIRAE H i (B AER% 24 AR G2 — A s GE R Ba ) . & AT AR ik
%EE ) [/\j\/ﬂ%ﬁnﬂ% °

AT EREIZATRE, S T ATIEEZE 17, TERRE DR R B AR S Bl . R T AT & — 2 B
%, TR PER RIS BV AR

Python I (parser) A 2k Python ' 24T A AR HE, Ak, HEPREINSCOF ) T RETEALSERG L 5R
e SEIEERE R DA NS AR AT S AT TR R SO R R
CRRESE—ATRAHE, RIEVE @ B ep i BB | SRR, AR E 7 SO ELR BTSSR 4%,
AT BRI AR [ ] MEATIne kbR, BRI LA B E AR Ry, R
FRBL T, BT AR A OO A R JRBE b 4% GEEEDUEER), BT

JCRERAEE

R 2 A TEI T Y — (A -

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

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

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

No, really, it doesn't do anything.

4.8.8 FHX (/38 (Function Annotations)

PR CERE 2R T B (metadata) &EHR, A F el Y AE (82 &HeE R PEP
3107 1 PEP 484) ,

[EJ# DA dictionary (Ft) fBAAFHMAEMR A __annotations_ J@tkrdr, HA @8R EFHAD
. SWEREN &S 2ORTES WA R —AE 5%, B 9RRm i — S ERRER ER . Wl
[EVRERY E 767 U RTES MR def BUAXS R B SEH M, H—M —> SCrEE—MER. T
BIERE T — 285 | S, — R, ARl A -

>>> 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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4.9

fRZ=dh: #2505 A& (Coding Style)

BACARRII 2R 4= . S EIRERY Python 25X, JRpRGTa— T % 451k AT o REUGE S AR A 19 ¢
ABER (SR HELE), s Xw), ma L rksC A s BT, A AR E S R X

7K 12

e MR, T 48 R A T 2 A AR B

#J74 Python, RZWHYHEHILIE PEP 8 FIBGUIERT: EMEATR AT HGURE T LEH . &M
Python Bt H A ERZ AL MRS IR 8 L2 R% R M i i gk -

o U A AHE, AEH tab B

4 Rzsi R /NGEHE (B R EERE) ARaiE (5 EH) 2 MPTE T . Tab ik
TRAL, sl EH .

o BT, ME—A7RHEE 79 5.

ﬁ‘ﬁ“é%ﬁ)ﬂd\%ﬁﬂ‘%&é’]@ﬂ%%‘ﬁ@luﬁ7 WA DAER R BURES EEHERS) 2 MR iR 2
FZEATo WA class. (SR, % R IR A A

. ﬁH%TU\, JEER e 1T
 fEHEw T,

T HIR . EWREEM A, AR EER: a2 = £(1, 2) + g(3, 4).

e Class fIBRAH M B2 #IE6], @4 class A UpperCamelCase (BElEXK/NE), Mg

PR HE method | lowercase_with_underscores (/NENKE)). k& self YEE method 45
—{H5 | %4 FE (B class #l method, #4717, class).

o RIS E T R BRI, RE IR A5 . Python FHE¢ UTF-8 i # %@ 1y ASCIL,

AT AR L& RS .
o (AR, R FIRR S A R AR RS Y mT R BT L, A 2 i 44 IRp 0l ASCII 7
JCe
I3

34
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CHAPTER D

EREE

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

51 E—LTHE List (831)

List (H3%1) SHgrAee, HAEZHMENTE. TRy T B st #75 method:
list.append (x)

AR I H ) list (1 . %R allen(a) 1 = [x].
list.extend (iterable)

W iterable (RTEMCHI:) 23 List (1 i . 25 allen(a) :] = iterable.
list.insert (i, x)

A HIEH A ZE st PASEHINIE . 55— 5| 3EHH A ERT CE RS IME, Frd a.insert (0,
x) EHAALE list 57, T a.insert (len(a), x) AFER a.append (x) .

>
[y

[

list.remove (x)
IK,% list 1565 —R{E S5 x T E . 47 list HEELTRE A &% valueError,

list.pop([i])

Rl list b EmIEe , e e, REEIEEME, a.pop () HEHE list FHEMBERIEH
Eelfd e, 25 list 225k 215 EBH#E, HE51% IndexError fl4h.

list.clear()
B list R A IHH - %R del al:].
list.index (x[, start[, end] ] )
[ Tist 5 —ME A5 x MIEH Z RGME (RRBHRIGHRST]) o & list P IHE, WEH

ValueError f%%neo

51 9 start Fl end {52 FEHRTE slice FIRIEHANR], 1825 10 B) (4508 w15 | R S A list HHRRE Y 17
B BEVERMZ, MRS MERE list (BREEBRIRSRL, AR starr BRARTE .

list.count (x)

[l {2 x 75 Tist 7 BT Y B AR I
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list.sort (* key=None, reverse=False)

6 ist PRI HET . (RIS ORI TR EMLIHET , #52% sorted () WM AIfHRE)

list.reverse ()

- Tist Fp i) JECH B2 MET S 2R
list.copy ()

Il {2 BEEIE] (shallow copy) /1) list. SFFIR al:].
PATF R —A I EIFF 2 List D07k i Bl 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 at position 4

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange',6K 'grape']
>>> fruits.sort ()

>>> fruits

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

'pear’

ROl eyt 3] — 2 ik, 122 insert, remove /2 sort, [FIEHAGEIH I, FHE L, M

HHAE None' o @ 2—ff A Python Ayl 4 EORHAEHERY LTI o
FAAMEATREM G BB, A T SRR ] DARCHE R S L. B, [None, ‘'hello’,

107 WA ATHE

J¥, HEREEAGRE T H LI, 1T None ANABBE HAMMRU(EI L. A LeZ[EIMR At [ Bl 385t 2 iy

K/ANER, iR, 3+43 < 5+73 28 M0 L.

5.1.1 4% List {g[F) Stack (i#[F]) {EH

List fy #1775 G 15 & 3 il 5 AT DA ACEAT stack (ME(ED) o Stack [El— {1 8E5F Fef i A TE 3R S e gl o]
(FRIESEH, last-in, first-out”) BLHIP RS . ARATAGE I J7 ¥k append () i — 18 JE H 8 EE Y T

J& o MR T pop O AR ERT A EBUSHEE R B E . F40m 5

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

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

>>> stack.pop ()

>>> stack
[3, 4]

U Mo 7 T DA L) (A8 S AR (), B MR AL T method P HIEL, B4 d->insert ("a") —>remove ("b") —>sort () ;.
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5.1.2 4% List {E[F] Queue (%) &

FA LT LA list HAE queve ([E5)) (6, RPdRiem ATCRRIEHME (Jeisei, “first-in, first-out”)
WRORLGERE. R, list fESE TR G 7 X R AR 2 . (] append Fl pop A AFIEH i U R
P, M insert Ml pop AAHAFBUL BHuGHTREN (HEHATRAF LIRS —15) .

WEREFAE queve, R collections.deque, HAGEEHT MUY (ETH R W s AFIECH . 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 (H3|{F4&EH)

List comprehension ( #3815 A8 58 ) AT DA i R4 J A 27 Listo 5 B I ) e S A— 1 7 1) B iterable
(PTEUCIIE) , A — RO R A S ARLE S Y 4 R P AR IR tist, sUR S —@T)5s), Hig—
A TCER B9 2 — AR 1Rl

O], RS M — 8 [Py listd:

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

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

ERGEREY. (HER) M x, HIEER SRR IIARAAAE. FoMn] s RRIEA:F 7 $3 51 i A i
JRATA side effects (FIFEH]) :

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

BCH A S -
[squares = [x**2 for x in range (10)]

T B R 5

—1H list comprehension (KA, JEAE—$FE9EE], HLA—1# expression (GEE ). —H for ).
BEEM LM for 8 1 T, 4RGN list, BERZ{ERMM for Fl if FAEET, Bl
TEE R RAE &S S . BN, 55 W list comprehension 414 T Wi{W list FP4% AHEIR JCZ

>>> [(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 A -

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

BFET—H
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(L —5)
>>> combs
[, 3, 1, 4), (2, 3), 2, 1), (2, 4), (3, 1), (3, 4)]

W for Ml £ 7EE M BAE BN B A A
R expression J&— tuple (BN FEGIFHA (x, v)), BLEM EHEHE:

>>> 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 1list 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) ]
[, 0y, 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

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

SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,6], [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

List comprehensions 7] DA 45 [FI3 17 expression F15R 1 R = -

>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

5.1.4 k@Y List Comprehensions

FE list comprehesion " BHUEY expression 1] PASEATAT 2L expression, 40355 —1f list comprehension .
%5 BB DA R 3x4 HEFHG RG], 6 list 7y 3 R EEE] 4 11 List

>>> matrix = [
(1, 2, 3, 41,
(5, 6, 7, 81,

AR list comprehesion 1 147 S 47 41 -

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

IRl EAMTE L — A 2, [ERRAY list comprehension € HIFR AN for BEEEHORME, FTLAEM B Tt

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

>>> transposed
rrs, s, 91, [z, 6, 101, (3, 7, 111, [4, 8, 12]]

e L ANE — 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
rrs, s, 91, [z, 6, 101, (3, 7, 111, [4, 8, 12]]

TEEESE A b, FRME A B pR =X (built-in functions) T A & [FV4E ) i AR s il koA =X . 8 35 )+
o, zip () RN AEE A RCR:

>>> list (zip (*matrix))
[, 5, 99, 2, 6, 10), (3, 7, 11), (4, 8, 12)]

BB Z A, 552254 5] 32 & (Unpacking Argument Lists)

5.2 del BRiARK

A 7T AR R 5 A2 (EAREIRR list F9IEE - del BIASL, & pop () method [l —{E{E A
6], del BUAZTT A ACEIR Tist vy Fr Bral 8 i 2 el list (FRAM.Z Bi#s i F5 IR —(H 2311 list 4348 [ER
R BORSE GBI ) . 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 af:]

>>> a

[]

del L A] A ARIEb e i 5 8

[>>> del a ]

Elfg2 1%, ¥ a 2 WS meh R (20— X HRIRE e 20l ) « TS5 1 A 2 0 2 B i
del fyHAth .
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5.3 Tuples F1/F%1 (Sequences)

A 2 list A1 Hp (string) A #F2 L REMFEE, 1R2K5#4F (indexing) LA KA 7 #:4 (slicing) . A2
F 3 ERDREL P M B T (752 7% typesseq). H1f Python EFFE S PR, RACT AEE & A L
MRy P IR . BEE BN T — AR I R mple,

— 1 tuple 5 by (R PR IS BE I R AL, i -

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

12345

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:

. u=¢t, (1, 2, 3, 4, 5)
>>> U
((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:

. v= ([1, 2, 31, [3, 2, 1])
>>> v
(ry, 2z, 31, (3, 2, 1])

WMEFRMER R, B wple 4802 AFEIR M, WILERA) tuple A BERE IEAERY) H 3% (interpret); i
T AR ARG SR A B B SCE AR, BESRTE SRR AR B e b B R (Bt tuple j2—
Tﬁlﬁﬁj)ilﬁ@fii%:ﬁ%*%ﬁﬁ) o IR VLS tuple W (EDE H R AT, (LT DA S A8y (2
4 list) ) tuple.

i #% tuple Al list e AARKEALL, (EL2 A" % FIAE A IR A IS [EJ SR /) H ) o tuple J&immuiable (8] %
1), AR GRS, ET4EHIFM# (unpacking) (FE2 %A% EL) 35 (indexing) FAFHL
(BEAEMH namedtuples WREERS H B (attribute) 5RAFHL) o List f@mutable (RI5E(Y)), HITE@H
S AV L AT 3 ph [ 4R Tist AAFHL

— AR EIR R, BRSSO sk 1 HIEH ) wple: FEYE L& EIM— e B . W
tuple &l — ¥ 2545985k S —HIE B 19 tuple &8 i — BN _E— R B s EE T (35 e — (@ B
—HEEEAEN) . B, (HA%0E. Fin:

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

0

>>> len (singleton)

1

>>> singleton

('hello',)

J

BoAst = 12345, 54321, 'hello!' 21 mple packing IFil1-: 12345, 54321 fl 'hello!"
— BRI tple [l S #fEH AT RA:

[>>> X, Y, z = t }

iE A 2 F AT F SRR (sequence unpacking) , WIS FITEAE AT AR 9 B TH o JPHIFIREOR SF5R
JE I S B R SR S A B P P I OCR BRI . YRR, ZEASIRM A 2 wple packing 1/¥-51
PG A -
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5.4 4 (Sets)

Python W40 & T — MR HIFE ser (4A) MR, — set 2— MMy HEHEERITE. EANGEH
A ALHE T RS AT AN R EEDTER . Set YIRS BIAE . A, ZHEM RS IHEE

KIEHREL set () RERTT AT ARE ST set, R BT set, ARUEMH set () MAE {1}
1838 H LM 251 dictionary, —REFRAMIEAE T —Hi w0 &R S .

i (i 5 L Fr) 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 1in a

{'a', 'r', 'b', 'c', 'd':}

>>> a — b # letters in a but not in b
(=, VeV, "ig"}

>> a | b letters in a or b or both

#
{'a', VC', ’r" ldV’ le’ lml’ 'Z', lll}
>>> a & b #
{la', lcl}

>>> g ~ b # letters in a or b but not both
{Vr" 'd" 'bV’ lml, IZV, lll}

letters in both a and b

Fllist comprehensions $8{bl, W4 set comprehensions (A 4FAIER):

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lrl, le}

5.5 =8 (Dictionary)

1% F Y Python [ElE & RHSIHLE] dictionary (75227% typesmapping) . Dictionary 77 RE# FEE] [ BT
8l | (associative memories) ¥ [ ¥ [#i51 | (associative arrays). %751 & o1 — i 6 [ [El ) #7 5 1E R
5|, dictionary ;& fH42 (key) AE KRG, SO VLSTATA AR A FIBCEE ] DA fEdE . Tuple
AT PAEAESE, anS A RS A SR #E el tuple; A —{W tuple FLER Sk M EEHL S AR MV WY, E
N REE G . VREEVE AT A list 5 16 list 7] PAZE &R 5148 7R (index assignment), ] F#57R (slice
assignment) 5 2% append () 1 extend () % method H{15 1K .

HB% dictionary fie i (17 AU L B AESE — AL 1A (key: value pair) [ set, Hrh#AE[R]—{H dictionary
W — M o — B RAF BT AT S A 25 AY dictionary: {3 3 bR 0 B A SR 3 B R
FEGEH AT AL 7 M ) A ) . 0 ) Bt S R A

Dictionary =% f1ty # E [E3E ey 92 2 fif A7 — 18 (L [E) L T80 ey s R (. R mT AR dle ) SRIEIBR G
o WERBAC R BT, %R I E G 3 T AR S 6 1 A
¥f dictionary fi ] 1ist (d) @158 —M@W ST A MR list, HHZIEFERRARRIEY . (FE%
o7, W sorted (d) BRI . WPRASHERE —Hi 2 & C AR b, AT BET in.

& W5 F—11 dictionary ) fit] B & {31 :

5.4. &4 (Sets) 41




Python Tutorial, £(F] 3.12.4

>>> 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', 'Jjack']

>>> 'guido' in tel

True

>>> 'jack' not in tel

False

PR dict () AT B REE I — R SE ¥ 7 91 2K 57 dictionary :

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1])
{'sape': 4139, 'guido': 4127, 'jack': 4098}

A, dict comprehensions 9] PA3Z 1% AT 2 g BEL(E (1Y 18 55 20 A V7. dictionary :

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

LR A T, G BT 5 | (keyword arguments) A7 Ik G Efi i -

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

5.6 [FE#I5

¥} dictionary 1R, §8 DA K H S ERYE AT AFE ] items () method Z[A] HEHifS: :

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

gallahad the pure
robin the brave

HETHERRER:, (BRG] M HEENE T AFER ] enumerate () BRI REHUS: :

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

0 tic

1 tac

2 toe

SRS A A_E R SN AT AR ARG 5 A z1p () X

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):

€ & A}
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(L —5)
print ('What is your {0}? It is {1}.'.format(qg, a))

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

B AIVE R IR, Ee s IR FES, HEHAH reversed () B

>>> for i in reversed(range(l, 10, 2)):
print (1)

P w o3 w0 -

J

ZAEIBEFIIEHT, (M sorted () BsEER] B ASHETF @AY list , (EA G s A 751

>>> pbasket = ['apple', 'orange', 'apple', 'pear', 'orange',K 'banana'] ]
>>> for 1 in sorted (basket):
print (1)
apple
apple
banana
orange
orange
pear

J

BFHIEH set () ITRREEGCE. BIFHIHH sorted () Mk set (), HIZELEHTFENIEER
TEER BN it O vk

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

A IR A € A AR 2 i S 1) — {1 lise, (B, S TS — (R ) list 7 BBl B L2242

>>> 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]
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5.7 E®E AT #R{&4¥ (Condition)

(EAE while FI i £ BOAKAYGECE AT A SAEATER T, A HA HEGEST T (comparisons) .

HBGEST T in Ml not in JPAERE EAstRll, 7EA S hmaE MR GAE (BAETE) . HHT is
M is not HEWIMAYIRE FARAMIEMPIE. B EsE A1 A8 o BEAH [R] B B 1

HBGEFE W DA A8 . B, a < b == c e et a ZE/NR b Ml b ZHAER c.

FL I A ] DASE A AGE A T and fil or, H—8 FUBGEBA G EE R (BT A ARGER ) nrpiin L
not AT . Jo Ll T e e b LR A%, Hoh, not MEIEERS, or MMEBJLERAL,
It A and not B or CZ[[|jt (A and (not B)) or C. —UNHH, FEPEATDAFAERALAAE 2
HIAL Y -

HMIER T and Fl or WBARENE 3 (short-circuir) ST G HG B /2 BAEA ST, B4 AL B
RFRNAEAGEE. pln, #aflcEEMEBEMR, A and B and CEREANGHITE C. HERLS
SR — AR AE T AR TARELIRY , AR i1 Il A E e 4 R (A 5 B

{1 L B A A AR S S S R R IR AR — (S O T ARG . B

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

>>> non_null

'Trondheim’

V£, Python 8 C 3R HA—HE, MEEFAEMEATIRIRL NI ELER T =, BEHRMGES 77 C
A N R — AR AT == e ERATmA =,

5.8 FIIFIEMBELRRB ZLLE

Fe 3\ 1 5l DASE A AA R BT A W P b e . T P il 11 521 3 X (lexicographical) NB)Y: ¥ 4G
PR E R ETI IR, e AR, R e R AR, AR —IH, DA, B8 H
JF5E A 5 . ARG A LB W JECAS B SO AH ] P 518, SR X e R (E g A 7. n2R
WA 20 BT A B T8 A2, B e i e 5 i R R A 5 1 o SR i — (20 2 25— T4, Bl
RIS 51 [ /N PP 9] o < B A i St I B 1 Unicode (A0 (code point) A ASHESF AIE) T T
PATR & LA R P A 2 A U

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

[1, 2, 3] < [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)

R, A < B> ARICBOR RSP P2 AR, FORYI A 5 10 LB k. B, IR AR
(AR AR E MR E, FTRA 0 4678 0.0, 545, GHHIE MG GBI —H TypeError £
A e P e — BT R HEY o
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CHAPTER O

=43 (Module)

ARG Python FrRBSEER LHUGEA, 2B (BB M0ESI ek, WL, Mg
PO HU R , Al Gl T i B A R B A28 Pt D%, DR R AEATE . e —
{AIEV A (scripn). HEERIELMRE R, (KT AE AT S 0 P AL AR S, SIS HORlr 436 . R TT R

G — 5 2 BT S R Ry i bRk, LA A T o X 1 B 31 A 6 2 P Ak ),

[E7 S 9%iE &, Python f—MEJ ikl UM EFOR AR T, EEEBBA T ERS TN EM. &
TEAR SEABIEIR 4 (module); B H ) TE 1T VAR import B FAUBEAL Y, BUR Y import 3 £ (main) KA (15

BRIEEAATHIEA, AR EEBECT, Fr s sk a) .

AL F L 75 Python JESERIREAINIAE S, MBS REATM L oy, 7EBAT, BN ARE (FFE
TH) GRS name_ BUE. BIA, FAREBU SCT SRS G Al —E 4 (L £ibo. py

RS, BT

# Fibonacci numbers module

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

def fib2 (n): # return Fibonacci series up to n
result = []
a, b =20, 1
while a < n:
result.append (a)
a, b = b, atb
return result

BUFEEA Python EF#AREI AT 484 import 38 fAA5AH :

[>>> import fibo

1

EER G fibo e i o 24 B BN AR BT Wnamespace 1 (RENSTE T Python 18 11 3% (Scope) % b
4%l (Namespace)); EREMA £ibo KIBHIARE. (M IBALS MG, T AFIReR

>>> fibo.fib (1000)
0112 358 13 21 34 55 89 144 233 377 610 987

€ & A}
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(L —5)
>>> fibo.fib2(100)
o, 1, i1, 2, 3, 5, 8, 43, 2i, 34, 55, 89]
>>> fibo. name
'fibo'

AARARFTRACHE G rh S R 2, T DA LA 28 s

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

6.1 AT EH

B AT AL 5 ATA T BRSO DA SR U 5. i e BOAR U MEERLA I, MR & e % — k9
import R A €8T, (WRAR R REARFT, EBiTer).

FABALEA E H CROFLA G 4% 25 (namespace), WA E)5E 3844 R 2 G 10 s S A 0 AL A 740 B8 28 5 I 4 B
S . B, BEHA VRS AT DAERRAE O ) A B, TR O RS 2 1) A el s s AR
SN Z RS . Dy — T, ADSRARNTE H CAEMHE], ARRT AR SR SRBOR AL ) s B, DARIS |
H R —EA &Y, modname. itemname,

TE—fRLAL H AT LA import FAWALA . HEFTARY import BRIASUHTERA (itiEi kD, EAdz—)
¥y fc BB A 0], EEEAES. W E e Rr g (AR class 41), # import f)45
HLZ R DO A Stk 44 25 [

import BOAIA 7 ML RIL, WA E G2 M AERK import (AAL, FLHE import 2 JUBLALIN Ay 44 45
v it

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

|

{E import Z & ARS8, HE F85% 2k X 09 m AR AL 4 R EAR Sk 5| AKE Wi Ay 4% 2 v (R,
ABIFRE) fibo KPEETE) .

BB B R, WA import ABIAH i F6 I T A 44 7 -

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

|

8 5 7 import WAL AT R 4488 1% T BEAEIE) ) BTRAD 408 K Z MO, Python B kit
ARG, WIEEAE S A T —AURAI 58, [ ATRERA T A e 2

A, —MEE R EA R A SR import * (MiCYE, PRIEVE @ S SO R 22 R A
EE R A EAAE BB B P A F T R, T A2

WA A MR TR L B as, HI as ZARM AR B HEAIPLE import AR AP EAE—ite.

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

Bl import Jy 2Ll import fibo BRI &k, ME—2EERBIFEE N fib {4 .
TEfTH £rom Rptw] DA [RIRR I 5 OB BT A5 -

DR b, RAUEFRBR TR 0 TRGR L e TR R R SR, B R A AN B AL At 4
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>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 13 21 34 55 89 144 233 377

ol

HRRCRIEN , A R BLALAE (R H A session H{E € 47 import —. AL, WRARTER THAL, HI
WAREEE RS 8, WRAR MR EE T BT RS, WA importlib.

reload(). filil: import importlib; importlib.reload(modulename).

6.1.1 EEHE EEEERBIT

H I AR [E)73#4 T Python FAH IR -

[python fibo.py <arguments> ]

0 import 154, BALP I EE AT, 11 __name_ BE "_main__". ;
LERALA R ML T R 5

if  name == "__main_ ":

i
2
5
B
&
=

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

R AT DA AR 2 VEEIE At [ 1R ] AFEEN Y import fifSiat, PRIESRINT (parse) iy -5 AR A M @7 3 LA
& B R, AaiiT:

$ python fibo.py 50
0112 358 13 21 34

AR BEAAL 2 4 import 1, JI % BORE U AN S BpLA T :

>>> import fibo
>>>

J

‘ni%;%z%ﬂﬂid‘iﬁﬂiﬁ%&ﬁ@%@m%ﬂﬁ7 E MR ECH B CRATRIEE R, PAEAR Y 7 AT
).

S ff

6.1.2 {RIPMBFIEE

Import — {4 [ spam WAL, s H A @RI AAHAM LR, BAKHITE sys.
builtin_module_names % . WUIRHAH], P AHEMEEY sys.path FragEERIAFRZ +,
B —HAE spam.py M. sys.path {EELEAEFIGEITIMAL:

o SAEARP AR R A (MRS EAE W, I8 AR ) o

* PYTHONPATH (—H5l shell 848 PATH HREEM M R4 ) .

o BB BRUE (IG5 site-packages BRI, T2l site HAITIER).
T sys-path-init 47 55 2 [ 411 .

e

TSR RFIRIAS (symiink) ORI R0t W ATEAT e SR SO RAEBRBRFR A2 e AT 500
ER 2, o s 2 AT S B 8 B 5 1
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Vi %, Python X W DMEIL sys . path. AT HEAH FTE RO @ 7E 5 BB AS A BHEH, EAsiE
PRI AL 2 i S AR GRS P EIA G B e A, A2 B 2 E ORI AR Rl A AR AL B
A EEMuE B, SHER gk, #52 R e ERE L gl

6.1.3 [#§:E | Python =X

(BT e ABAL A R, Python 445 (AR AH A 4 i AR B 774 __pycache_ &R, B4
module.version.pyc, iaEIW version 2 42 A A Z 0 R 4 1, B2 i85 € 12 Python [i4) IR 45 4
9%, B4, #E CPython 3.3 1, spam.py i 4 sE iAKW 77 [F] __pycache_ /spam.cpython-33.pyc.
WA 24 HE R T DA 2R AN [F UCAS ) S s A 4 AT Python B AN [R]RRCAS [R] R A7
Python #R$EJF UGS IR MW H I, st i S Sl Im F HE i dee. Ea W Bk,
FAN, HEEEIBAHB LA TE, FICRRIZERER1ESE R S ] DASE A [A]— PR =R .
Python £ Wi T [E] N AR A EL (cache), BG, B4R 0 4% BN REAT B Ay 2 9 S O BATL I &5
o B, WREEERA, AN EaAr . SR AREARAL ((EmeR) MEETH, SR maBalos |
PR ek e, B H R REA A
— IR IR B
o WDAFE Python $§4 I fif Fl B B 2 8 (switch) -0 5 —00 AKR[EVNE. Szl i) K. BARIZ# -0
B assert (BiF) BRIAS, 1M —00 [AIKFEIR: assert BRIANAN __doc_ 7. Hi i LEAR X T BE AR A
i iAE e EE, H A EREGE H S EMCHEIRE, Az, [Ee@8]) HS48H opt-
BERe, HIERE/N. RARIRA ] 58 G oS 2L RER .
o FHHL .pyc BEERE, FERAPATHEEEAN G I . py RN, ME— LB S AR
o 4] compileall W] PAEIERIAE H i) Bir AT A AHL T pyce 4
o WA, WHEEIRRERE, #2%PEP 3147,

6.2 R4

Python P T — B BERCAL R, REARAYN4RLES —(r3CfF, FEE [Python wisUfE2% FE (fHRHE [ 8
A2 %FE ). FUBe e hERE; TrE—L 5 Reh S 2o AR E i A3 PAFFEL,
HEIRE THREEE, SRR RGEARIE (FIMRGIEN) . BB S AR — AL,
EMRERIEET-&. fli: winreg B4R Windows 1. (HFEREMEAR sys, EHEEES
{il Python Fii# st . #H sys.psl Ml sys.ps2 QIAACER T IR TICH T H :

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

>>> sys.ps2

|l |l

>>> sys.psl = 'C> '

C> print ('Yuck!")
Yuck!
Cc>

A Hidde e BB RS, A 75 5 S Wi s 8.
B sys.path B —l7H list, BEEHESRALE S, ERPHGMAEEEEET 2% PYTHONPATH
H LU TE RS, B2 PYTHONPATH A gtE ik, MR FRn] DAFIAEENY list #E1E Bk

U

>>> import sys
>>> sys.path.append('/ufs/guido/lib/python')
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6.3 dir() BX

ElE R dir () AR BAE R FTA 2. B W — R 2R 7 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', 'displayhook', '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',
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'wversion', 'version_info',
'warnoptions']

[EVE %5180, dir O FH HATE @54 5

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

AR, EANIrA R ARG . B, R,
dir () AEFHH EE R ARSI AR AURREZESIN BN, EMeoe 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__ ',

BE T
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(L —5)
' _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',6 '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']

6.4 E{4 (Package)

BTG TE WA R 4H4% Python B Ay 24 S IR k. BN, B4R A.B RnEM A
A E) B I TR, IE QARG S, RIS A AN T O B A AL 1) A ol e A B ), G0
Rl RGN, RS EAEN (R NumPy 5 Pillow) [ fEF A RIS O HAWE oA 15 .

TSR AE s — M A Aot — i PR R 26 Al iAo (T2 )) . RIERE R UE A R 2 A R RA%
X (EFAEMREIRE SR, Pl .wav., .aiff, .au), WL, BT AFEEZEERZ MDD,
VR BT A A A RIOBALE G . (BT 2 G SR sr 2 AREE (B, HafiR
B HmmE . B EARTIRE . Al A TR0 AR — RS SRR TS e
PATRRARBE AT RERI 280 (ARSI A SR R e 0y sl ) -

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 Z{#f, Python €= sys.path B HE, sHEMHTHE.

AEFRAEH __init_ .py fH%, A G Pyhon #IEM: (KA i Hnamespace package, [El—1fl]
EFERSIITIAE) s SEAK AT AR —SE DA A B4 (B string) AYHE), 650 BEEC 1 B0 BiAE
BAH I R S A oA . AERET AL, __init_ .py AIPARE S AESE; HE R
FTEMIIR IR, BGRE a1l S8, ZR e,

EAF A T AR A import AEAL, 140

[import sound.effects.echo
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B T FA4] sound.effects.echo. 5K EMENES:

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

73— import T A2

[from sound.effects import echo

T B A — BT AR TR echo, [EHAMEHISE AT AN, I RELAIN R 53U -

[echo.echofilter(input, output, delay=0.7, atten=4)

W AL 2 4 import FIT SR 1) o =X mk s g

[from sound.effects.echo import echofilter

[, EHEEA THAL echo, HERMK echofilter () AT PAB M :

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

AR, i from package import itemlf, item WDUREMFH TR (BTEM), WAILARE

e 2R, B2 ma, class (BIE) s 8. inport BHAZ EJellE B4 [ & 763% item;
WARE, Aerfare b, EEEA. MR RRAE item, HI €718 InportError 4,

ML, ] import item.subitem.subsubitem #EVER:, G THRE—HZIN, H—IHHUERE

;R —IHA OB B SEN, (HRBER AT —IH EFEHY class. BREEAY

6.4.1 #EHd import *

WHNHER T from sound.effects import * I, @#/EfHEGr? MAREET, HMT0aeam B
Mg REERS, SWEPAERN TR, Tl import. EEALBBRMEFRN, H import 1

BRI AE AT RE & A A LB RIE S LEREE I A e MR import TSRNG4 & kAL

ME— R B EEEE R MM RG] import BRIAX M A A NIEG: WRENH
_ init_ .py BERXEHEHR —MAE __all_ [#list, #i8F] from package import * [HIEHE, B
e 2B import R FE . BB BICARE, BAEE T AATEE R A EHU list. WREAE

REIEAE NS et rp import *, At ] i ErE)E A 3% list. #HI5EE], sound/effects/

__init_ .py MEEAEE AT REAH:

)

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

BHHE, from sound.effects import * & import sound.effects £/, B=IIEIRZT
AL

ks

Al R, REA ] BB 6 Bl [ 4ok 5 5% (locally defined) /1944 F . B0, WPRARTE sound/effects/

_ init_ .py HEEFEPHM T —M reverse KR, Al from sound.effects import * H&H| AWM
fH T4 echo Ml surround, fHR& reverse T, WEEYIEINEFEN reverse Rz T

_all = [
"echo", # refers to the 'echo.py' file
"surround", # refers to the 'surround.py' file
"reverse", # !'!! refers to the 'reverse' function now !!!
1
def reverse(msg: str): # <—-— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'

N a1l [FIE#ESE, from sound.effects import * [iAN[FIR €I sound.effects &
4 BT TASAH S import FE HIH G4 S B HARRE sound. effects E{A 9, import (7] HEEriEFT
__init_ .py PPN ), SA4% import BRI E R ETARE. BAE _init_ .py TF

6.4. £ (Package)
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(LA B RER AR TAEAL) AR A . EUAFREMTZ ATg inport BUAINHIRER AR B TRAL
A LA AU

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

B, E from. . .import BUAXEEITI, echo Fl surround FLAHYE import 3 H /M v 24 25,
HE'EMELE sound. effects BFEFERK. (F _all_ AHieHR, SRAUMAER.)

HESK AL E AL R, FURBEA] import * BE, RERSAL R A R b AR, (HAEIESC
B85 (production) YRR 1 iE (1A BARE R AN R B

Fifl, )i from package import specific_submodule NEALATHIE! HEE L, EiMEEM
%, BRI import SRR 52 2 B9 TRLAHAUH AR AR TR R 4

6.4.2 E4(I5| /A

HEANGSBEEZM T ENAGE (RGP sound E:), WA [E%# (absolute) import |,
S| AR EEA TP T4 . B3, 35 sound. filters.vocoder HA F i [l sound.effects HIH
echo #4HK;, W[PAM] from sound.effects import echo.

PP PAH from module import name [ import iR, 4wE [AH¥f (relative) import ], &2 import
i FH A 98 5/ A 3 import TR ERTEAAIEEEM . B0, £ urround BIH T, ARATPAMH -

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

AEVERE, A import [ 1E 2 DA H BT RIS REREE . PIE R A A AGE 2 "__main__ ", J7PA
Un 2R — R BLAL TSI B A Python IR AR, I8 b 2875 B 1 )% import..

6.4.3 ZHIIRHEH

EFO SR —RREYE __path__. BFERIRMER @ list, ®3 BN __init . py HEENHE
W HE AR, B aA (IR R TEE (AR R R N IR T 1. B T DARIE B, (FLE R & 3 2l
A BB T B

GRS R RGN NG 4 S SNSRI D ) I ik S G E MO B S

[Ef#
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i N\ K

MRy T LSRR s R DA BES A At B, B AR AR A .
B 2 A AR R 7 28

71 FEENEHEN

HEiE R R O A8 2 m MR B (A 52X 0 38 F X R3R (expression statements) Bl print () K. (BE=F)7
ERMAAERD write O Ik R M sys . stdout EMH. AN EMGES
S e R )

TR AR A S T S A, AR5 B DA RS B PR . DA 2 sk XAk 1 i O
o

o A I #4 XL B SR (formatted string literals), F5AEF-25 BIGETHYE | 9EBGE 45 = 5 | SEwTm_L £ 5
Fo AT ATES A EER Pl { B} 97K Python (AR, 5| H 88 Bal LM S i {E (literal values).

>>> year = 2016
>>> event = 'Referendum'
>>> f'Results of the {year event }'

'Results of the 2016 Referendum'

o “FHIY) str.format () method FFEW L FB#ME. TREE0TPAMH { Al BURBER A SEBUY &,
HT & Tafannag 954, (AR HRR AT bp &l ZEDA RS AGRIE 7 W8 Qo 4%
A5 B i 151«

>>> yes_votes = 42_572_654
>>> total_votes = 85_705_149
>>> percentage = yes_votes / total_votes

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

AR yes_votes ANl ST AR AN B BRIEHG . B% SRR @51 H percentage FEIA 100,
PREE 2 fr/NECHAR TR — R A 20 98 C BEA &, w5 2L formatspec) o

o itk fRE N PAH S FH )R (slicing) M1 (concatenation) #4F, S iUIA 1Y 7 e IR B, #ENZAT
FRBEAR R I HER RS . FHAEVE 28 method, FEDAKEMMHELIE R 7o, SLEAMMRA .

WERARA T EEERE A L, HA PRI EUR S BOAEA TR EE, WA repr O Bistr O sECIEALATH (L
BETH.
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str () BRI R RE ALY SINFORE, 1 repr () BH R R EA B TR FoR k. (i
REVH R RE, AR syntaxError) . WERYIIHEIG NG SR E LR, str () @l
repr () MFME. AFFEME, G285, 5 list & dictionary SF4548, 1 2 Wi ok xC & 3 4 1H] 11 2
AR MR, ARRERHE], A WA R FRRE.

— 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'))"

J

string AL & Template class (BE), $AL7RHERREITH M S k. ki sx
[EM4F5%, [EIRA dictionary PEIEEFTIRUA, (EL3EA% XA R D

7.1.1 B8R ILA (Formatted String Literals)
WRAL TR A (RO -78), SEETFRmAmE £ i r, EEEE4mE0 {expression},
FRAR AT AZE FERETIN A Python j#ER (.

s EIHA%F (format specifier) 241, Sreil BT, T DA BT AT Hb s B ( HO ks AL 2k . AR 6091
A5 pi o AE/INICE 15 =40

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

J

A L AT ] DAFEAS A B e EE . e B ascii (), "!s' EH str(), 'Ir!
FEM repr ():

>>> animals = 'eels'

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

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

My hovercraft is full of 'eels'.
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= [EJPHAF AT A A — M S o e A U S . — SR 5E . DASCE 3% B A OR(E (evaluate) 113
TRV

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

>>> print (f'Debugging {bugs=} {count=} {area=}")

Debugging bugs='roaches' count=13 area='living room'

BB = [EIFF & R W SCPEpEE 52 (self-documenting expressions) . #5512 7% 15 £44% X b - H?
HORAE , B formatspec 2351 .

7.1.2 &K format() method

str.format () method [ A AN

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

KIEERHERFT (BERAA) PR AEEES str. format () method (¥ 1. KIFTE T
WP PRI AEERS str. format () method W FTFERY L E .

>>> print ('{0} and {1}'.format ('spam', 'eggs'))
spam and eggs
>>> print ('{1} and {0}'.format ('spam', 'eggs'))

eggs and spam

WIERAE str. format () method FH I BRSE75 8, RTLAGE IS S R 2551 1T EMAME.

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

(7 ES [ HOM B 75 | o DMEE AL

>>> print ('The story of {0}, {1}, and {other}.'.format ('Bill', 'Manfred',
Ce other="'Georg'))
The story of Bill, Manfred, and Georg.

IR — ﬂET,uﬁ%ﬂE’JE%f{k%% P b 1 7 2R R AN 24 B 2R G  J A . SE IR AT
DA LR T (dict), [EHJHR5E ' 11" SO HE (key) HEAASE I

>>> table = {' Sjoerd" 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ) ck] :d}; Sjoerd: {0[Sjoerd]:d}; '

. 'Dcab: b]:d}'".format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

F* 558, 48 table PR IERE T T HORELE, BA AR

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}

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

J

WE X vars () HAEHR, S8 R E M. 2R 0T DAl — (860 5 BT A (a6 4ol 52 Y

dictionary:

>>> table = {k: str(v) for k, v in vars().items ()}

>>> message = " ".join([f'<{k}: ' + "{'" + k +'"};"' for k in table.keys()])
>>> print (message.format (**table))

__name__: _ _main__; _ doc__: None; _ package__: None; _ loader_
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fidn, RS E A —ALHE R TR A, 51 RO Py BT

>>> for x in range (1, 11):

print (' ' . format (x, xX*x, X*X*Xx))

1 1 1

2 4 8

3 9 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729
10 100 1000

BMER str. format () WATFHREIALATZIEEM A, 55 F formatstrings.

713 FHEXtFH
N2 VAT B A5 i Rl — P S R

>>> 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
7 49 343
8 64 512
9 81 729
10 100 1000

(R, M print () F@EMZ BIMA—MWZSHE 5 BRI ARG BRI A S )

FEYIFN str.rjust () method W 7EZ- HIBEAH 25 4%, (57 EB DAAS 2 O Bt A7 5 A0 S8 . B
method 84 str.ljust () fl str.center (). &2 method AN MMEAEIZ, HEME—FHFE,
LS TPNIEAS Y SN bﬁﬁf@@i%ﬁ%$ T A AN A i s L [ (2 SR GE B & SR AL i e, (1
LL%LEHZ% M ELy, REEE e EEE SR ER. (DR RENEEE TS, T AmAR
x.1ljust (n) [:n] BEEMYIHER.)

) — 1 methodz%str.zfillo, AIYEMUE TR AR, HAER(EIE At

>>> '"12'.z£fi11(5)

'00012"

>>> '-3.14"'.z£il11(7)
'-003.14"

>>> '3.14159265359'.2£f111(5)
'3.14159265359"
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7.1.4 B FRMERZE

% JE & T (modulo, #i#) t 0] A FEEE AL . 7F format & values B (H format B FE), format
11y & BEETRIAE €k values i ZBAH s 2 MOCZ AT B . ISR W) 5348 (H (string interpolation). ]
-

>>> import math

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

W% i old-string-formatting /M

7.2 BRIEXR

open () [0l {H—1file object, i & e 5 I (49 P A1 7 25 | BEORN — {18 B 75 | & open (filename,

mode, encoding=None)

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

M5 | oA SRR AR T W5 HOe TR, A TR RE SR U A
JCo mode [F] "' I, FIRVAMESBIAFIERES: B w' B, FORPAMERBEHERS (CAE R4
WEGYIRE); B rar K, PAMPIERTIH ) BERES, 0TS ARREERE 3 BP0 A S £
iR, o+ W DARRERE ZERETEERE A . mode 5| BUZSRIBIER), AAM R e ERE o

WH, B text mode BAE], FED, FEREZEH USRI, DA E S5 X encoding HEAT Sl .
MAKIGE encoding, ANTEFEHEGIERZF T4 (H open() ). UTE-8 2 BURFIERIE, BRIEVRTRE
A EGES, SRS encoding="ut£-8". 7£ mode KM L 'b' €A binary mode (i
Hil) PAEREZRE, IR ERIDA bytes YA TEABER . A 38 IS BAEAE AR T AR &

encoding

TESCF K (text mode) ', wEIRURE € FRAE 5 FHE AT RATSE (Unix B[] \n, Windows E[IJ \r\n)
HEE \n. ECFHETRHAR, FSEE \n 1 B2 EBEEIFSRE AT RATR. BRI
Feri o T REEAREEA E, HebGg 2 opec 5 EXE R PR TifH gk . s
BORFRE SR, R — s TR st

TEVEPIAE R IPE, (E with BSEFRMGEE. BER, HEMEMLTRE, IR ER 2] 5] 5
TOIAL, WO E RSP . A with WHESH try-finally B, RAGMEHZ:

>>> 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

WERAREA ) with BGET:, RIMERFN £.close () BIPAAHES, ATDAST RIRRACHE T I 6 ) R 0 U

&

BENY £.write () B, Z R with BEFEIEN £.close (), BIFRNATNLES, tnlgeEs
f.write () KI5 | BEA B 5E 28 ATERE.

K%‘?z%ii‘i@ with BUARZL, BFIY £.close () BIPI—MEEMZE, EuliHZEED ST aS
>>> f.close ()
>>> f.read()

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

7.2.1 EEZY%H) method

A HA RO B B A E £ R RY OB,

SUEBE RS, N £.read (size), BAEE-B0H0 gk, ERATHE (CCvat) sifiocs
R () BRI . size R HBEIEMEAO TS 8. B size WA MR e B B, AR R A0 2(E]
ey EE ;AR BT AR MR, e E. HH), &2 A% R
size MR TI0 (SCFRIR) B size BOEAACALEE (TR Sl n ., Qi mic 485 jE
AR AR, £.read () GEEzTHE (1),

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

>>> f.read()
T

f.readline () MRETFIRHM 1T BT (\n) GWEETRMER, DAEHERGAZE
oo, B4 SR RA TP . SR R R AR Wi % £. readline () [l {H—
2T, R RCAENE TSR, MEAfTNRRER \n', W2 e —EEfFFumsE.

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()

AR SR PRI AT, AT DA R A TR . SR VL B SO e Rt R . P,  HAR Ak
R

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

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

AR ARAIE A R A AT list (E], WIDAM list (£) 8f £f.readlines ().
f.write (string) 8 string WEIAE AFEE, [FEES AN FEICH.

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

HAHMER YN, ZRteMBEETS CrpgsX) sifocismer (Tigst):

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

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

18

fotell () MR, BAMEEYERRBTWEIIE, £ R TRREEERGES
M ALTCALE, TR T RO E— S AR T

ffifl] £.seek (offset, whence) FIPABUARREYIMIINLE . (LB FHEINETE S5 BN offser
WL 225 B 5 |9 whence G . 5 whence (EF) 0 K, SR RS PREE, 1 FnEHE I
WERALE, 2 Fnli A ZRIEE 2 % 5. whence W4AWs, HIERME 0, RIPAE RHHIAMEEZ %5,
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>>> f = open('workfile', 'rb+')

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

16

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

>>> f.read(1l)

b'S!

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

>>> f.read (1)

b'd!’

TEXTHE (PR FEHAR A b BEZE) b, R AadfMERMEE2E g5 (2 seek (0,
2) FRMEEECRIRZBIS) , HRGHE £.tell O MHERE, 302 0, AZAR offser (H. HAWEAT
offser {HAR €A K @ #eit 1E.

YRR — 2L MY method, B 2EAF MM isatty () Ml truncate () ; MRV TESS
HaE AR E2%FE.

7.2.2 f£/H json REFEMLEH

73T DA ST B G S R AR ey HIU R RRRH read () method H [, jHLtyHs
WAMIEAR int O EEREKX, B2 123 BT, EREEE 123, FIRERAG R SR
list il dictionary (#t) “FEIAEREORHEZLEE, TB)FIMT (parsing) FIJFFUAL (serializing) w5 13V .

I O P B 0 IR S 4 A E 0 VRV (7 B E, Python SOOI J 944
kst §HE) JSON (JavaSeript Object Notation). HEBEAL § son ML Python ERFE , [EHFE M
MBI JRik: BN serializing (FFFIIE). {550 Som it AR EORHUTRE deserializing (12
L), LETEVEMIEAILZI, R PO (A RaR et S b s
L

e

JSON #& &8 1 i F R BB A R BRI 2B, F2 7 tal iR o ¥ e HEERE, e EiR
TF HEAEME (interoperability) Fi{) 13845 .

WA — R <, HfE—A7 R R AR R T A # e JSON TR

>>> import json

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

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

dumps () BRxH—HEH, FE dunp O, BREAMEYIET I e file. KL, W0E £ 2—EET
FAMBAE R rext file Yy, FATATDAE R

[json.dump(x, f) ]

¥ £ R—CBEE. "ERE binary file Srext file Yit, FRUARREY

[x = json.load(f) J

f#5(E)
JSON 4% Z W78 PA UTF-8 k& 3% 4% . 7 B[] JSON 4% 22 DAMEE—{ o] B B3 A fitext file 1, 3]

encoding="utf-8",
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i TR 14 41 5 947 T DA BB List A1l dictionary , {H#7E JSON P S (ARG class (JHIE) 2061, JU
FE—SESMO TAE. Json KA 2% R & HtmEI.

hz%

pickle - pickle #£4H

BLJSON ‘R[], pickle j&—78 L 7T TR MERE Python ¥ {14775k s . Bk, E[E] Python iy
B, ANHE A RS RE S e 0 E AR . ETERSE], BHRRAL AR R ERE R TR
T%%Hﬂ H B BEAG LRt ET, E BOR B IS Z A5 (1R IE R pickle EkH 7214k, 1l ARATAE Z A R
ﬁ\\\ o
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gHERFABISN

3 H aiE R EE S 2 SR, HARRERE T Hs], R RE e Bl L RaE .. R (24
WA ] ) S i M8 EIE] . 35514432 (syntax error) 9| 9] (exception).

8.1 FF/E# R (Syntax Error)

RS B SURE AT 5% (parsing error), ‘B B{FFREEA7 Python F I A e i B A HAR

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

AAAAA

SyntaxError: invalid syntax

The parser repeats the offending line and displays little arrow’s pointing at the token in the line where the error was
detected. The error may be caused by the absence of a token before the indicated token. In the example, the error is
detected at the function print (), since a colon (' : ') is missing before it. File name and line number are printed
so you know where to look in case the input came from a script.

8.2 fi5h (Exception)

B — BepoA X wloE U T IR, B RUBUTIR U AT RSB BUTIRAARIIE] 1 8 AR ) )
b, BISMA—EHRARE . RAR PR HE S e Python AR e s B E . AN K 2 i) B SN fr ke
A, [EH G EURIR RS -

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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

NameError: name 'spam' is not defined

>>> '2' + 2

(BT —1D
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(B —1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

R IR AR AT R B AR T AP . GIAME AN EY, TR 4 A (EERRUR A — SR B B s
#im P FISMEBUE]: ZeroDivisionError, NameError il TypeError. VEEIFISNERIY: D H Y=
B st R aE AR ETE 1 4 (built-in exception) FY 44 R . FTAT () [EE G SMER & AN BLEAE, (HEHAME 2 A E
BB AN — g TR EsF (BERE 2 Ha ARG . AZER) o4 F5 2 [E A sR(E]F (identifier), A2
{83 B $ 7 (reserved keyword) .

AT H AR, MBI MR SRS s S, [ IS A o

SaeAfURL A BEEE, R3] (stack traceback) YT BUR A BISMIRRE . —BRE), B&H M5
JERECHEAT (source line) (Y HEEIIH; HEA & HURKEERHE A h Ry AR,

bltin-exceptions Z i 51| tH [E g A il 41 I B M) B 2%

8.3 mIEHI5h

ST RGN T . DL R RO IR AL 2 AT, EELAT A R B AT,
B E TR (M control-c B/EERKLRNIES ) iR, mal A& EA MR Pl
1rg | 4f KeyboardInterrupt BFIMEHE.

>>> while True:

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

© B, ATy T4 (try fl except BT Z BRIBIAR) .
o WERIEHEEAGISN, R excepr T & G, try BRASBATER.

o WUEREAT oy PAYREERA THISN, RIRE TR R B e ki . AR B SRR except
RSP AR I BISNA RIS, ] except T o) AT, MK, MEBTPAT try/except [ 2 A2 HREA A .

o WRBERIBISNRIT 6 except F 6] FRIBISNZ ARG, ARSI SMNER) try BuARG RGEE
W EIE , WER—HRRIZH) 9 (unhandled exception), FATHHEIL, [EHURSRGIE .

try BRI PAE AR except F &1, [EIRFEGISMGEIEBE, Wik WA — MBS G917,
JEFRE N RN oy TGN, MG IERER — try BUAXEH A EREE R G . —M
except ¥ &) M A — 45 SEEI tuple 51 22 G141, Hitn:

. except (RuntimeError, TypeError, NameError):
pass

A class in an except clause matches exceptions which are instances of the class itself or one of its derived classes
(but not the other way around --- an except clause listing a derived class does not match instances of its base classes).
For example, the following code will print B, C, D in that order:

class B (Exception):
pass

class C(B):
pass

(BT —E)
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(L —5)
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")

J

LTS, WA excepr T o) MIEFHC (8 except BIEISE—MH), MIEEIH B, B, B—#i—{Hff
1Y except T &) ET P B o

ﬁ?gﬂ&l\?ﬁiﬂ% ETREAAH BB, WA BIAMY 7] S, 51BN AR B R A, R EETR G Ah
UE TR

except T &) W] DATE (I AP 44 Fil A% TH1 i € — (I 32 0 35 M S8 MO A0 4 1) — (1 AP B (imstance), H5 | ud %
f#FEAE args kS . BT, EEGSMEERS T __str_ O DAEIEBTA S SO A & B0

.args:

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

print (type (inst)) # the exception type
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

BISMY __str__ () B S8 LR BB ANUE B B i —i (T D).

BaseException J&HA&ERRIEIAM T 2L F 17 base class. T subclass (FHEE]) 22—, Exception, HjE
A AE B 15 #b (non-fatal exception) ] base class., A 254NN T2 Exception 1 subclass, T "8 & A €
W, HEEMEH AR A L. BB IMIFE T H sys.exit () Iig|#H) SystemExit,
DAL il B AR B AR = URE 5 [ 43 1Y KeyboardInterrupt,

Exception W AFIAEMERCAT (wildeard) 2CHiiE (#F) FramBlsh. SR, HBAFRIMIE e F AEA 4
HOETFE AT S R R B SMSZ (B FHEAT RIS E0E (propagate).

B Exception (i AR, B apsateGiE, MEFEFTISE (0w gt
(caller) 3 R =% BIA ) :

import sys

try:
il
s
i

open ('myfile.txt"')

f.readline ()

int (s.strip())

except OSError as err:
print ("OS error:", err)

except ValueError:

(BT —TD
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(B —1)
print ("Could not convert data to an integer.")
except Exception as err:
print (f"Unexpected {err=}, {type(err)=}")
raise

try .. except WA HEIEVERY else T o), (EfEE, % T HLHAETA except T 0] ZA%. WA
— B RS BT, (H oy T o) XEVE 1 EEGIAMRE, S5 RA . Bl

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 TAJILI try TABSIMA S AL A2 4y, HIEE W] DAE S R AN R 2y ey
except MR LR#E I FEXME T ERIBISH .

BIAME B IRE A RS ory & [ESL BB AE G140, S BRIE ry T o1 (] (EPRE2RE) ngnd iy sk X ES
BAERBISN. Bl

>>> 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 PO AT AR AT S g E R B sh. plan:

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

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

raise ME—1)5 | B2 25 [EE R G141« 5% 5 | b 28 & — M G ANEE B S B 4) class (7742 H BaseException
1) class, Bl Exception BB subclass). ANR-—fH{GIS) class HEEE, B & AT | HOtIT L &Y 2
BRI (constructor) , &4 B B 7 B % (implicitly instantiated):

[raise ValueError # shorthand for 'raise ValueError()' }

SRR AR R A 5 1 8 T 04, (EEATRIER S, WA AR LY raise BUASUREHH 840
G

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

An exception flew by!

€ & A}
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(L —5)
Traceback (most recent call last):
File "<stdin>", line 2, in <module>
NameError: HiThere

8.5 ffjyrsEEE (Exception Chaining)

WNIRTE except ByFERREEAE T —(RRMEBAGISL, HIE G s (R 2R BRI B SRR IAERR , (EVi
AR R RREIUE

>>> try:
open ("database.sglite")
except OSError:
raise RuntimeError ("unable to handle error")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
FileNotFoundError: [Errno 2] No such file or directory: 'database.sglite'

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: unable to handle error

BT R — G5 e — MBI AN B S AR, raise BOARARF—MERMEN from T4

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

LB, ERE T ARA . Bl

>>> def func():

raise ConnectionError
>>> try:

func ()

except ConnectionError 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

ConnectionError

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

EMAF I EARE from None (5] H BB Sl :

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

Traceback (most recent call last):

B T—3
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(B E—H)
File "<stdin>", line 4, in <module>
RuntimeError

B2 BRI SRR ) I, #E 5L bltin-exceptions

8.6 EFRA&EBERBISH

A PATE I BT B BI41 class 2R H SIS (TR T Python class, 3 RClass (F[E]) ). AN
e HIGR R MM, BIANE R L Exception class 2L 2K,

fl4) class AIBE FAMALATHA class BRI, (@A R EARRAAE, JURMt L@k, SRR
AR 1T S A T 151 SR A 2R

REWHBIsNESE, # @A [Error] (EEARA R, BURTMEREGISMNYA .
A ERAL A E R E T H TGO, PARETEHE 300 R 2 S AR A Bt

8.7 ERFEEE

try BURSH 7 — WM Th), R e S AE A T B N B TS E B £ . il

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

Goodbye, world!

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

KeyboardInterrupt

R finally FAIMFAE, HIl finally TR try BOAKG A ATRATIO AR — BFULH . Ad try B
BARGEAEGIS, FHEHAT finally TH). PAF B BISMEERS, T E:

o HMEAGISMEER toy TRIMHATIBR, ARZAISM YL except TH R, WERFBISNE
B except FHIEEH, EEAE finally THATRBENGIE.

o —fABISPATREEEE N except B else FAJFFATHRE. Ak, ZBISMITE finally FHJFAT
BRE G5

o MR finally TA)#IfT break. continue B return Az, HIFIAMNSE W T 25,

o MME try AT break. continue 5{ return BiAZ, A finally FAIE{EHST break,
continue 8{ return A2 BideHAT.

e MR finally TAIPEE return A, RAIEMEEEGENRE finally TAK return AL
PIEEE, TR ZERE try A return BOART) FHE(E.

Biltn:
>>> def bool_ return():
try:
return True
finally:

return False

>>> bool_return ()
False

73— HEs(E Ak Fr 4 151 -
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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'

J

WARRT S, £inally FAIZEAEAMEE FEREaiaT. WifR T HARER TS 81 TypeError EA Y except

TAJER, FBEAE finally TAIBATRCERG5%.

TEREEMAT, finally TAISABEESNRE IR (1A 5 s 48 i ()

R

8.8 MERMFEDE

SRR R T RIS PR SR A E R B A, S O R VRS R SR . SR AT

HH, EEMHAE R, EEbERES .

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

ia B NS AR, AT S8 s e, B vl SR AE — B e 1 IR PR E B R DR A8 o e i )
AHEAE B, (FEREBOR R AR E T R e B . with BOAKGEYME (GIARESR) FERL

W, REfREE MRS KR, IR B

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

BRSBTS, WS R BT A RS P P, R f AR G iBp . AR, $ROTHUE SR

BB G S R E— R

8.8. AERIFEHE
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8.9 53¢k k& IE % (B M AR B Sb

LEHSEIEE T, R AR A 2 B Ah . ZEEWTHESE (concurrency framework) 48 & H B i T 1
[E], FPATHY (parallel) SEAEAT RS T REC SN, (HHEEA ARG (use case) A B REARAEHUA TR £ M i
G, AR A G IS

[EJ#() ExceptionGroup @ fu#—fH 4N (exception instance) i list (H2%51)), A EAAT DAL HE
518, HINEARS RGN, BRIt nT DUGAT ] Al 5 S — R i

>>> def f():
excs = [OSError('error 1'), SystemError('error 2')]
raise ExceptionGroup ('there were problems', excs)

>>> f()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in £
| ExceptionGroup: there were problems
-t ] ————
| OSError: error 1

| SystemError: error 2
£0)
. except Exception as e:
print (f'caught {type(e) }: e')

caught <class 'ExceptionGroup'>: e
>>>

J

i except* B except, FAATDASESRMH R PR EAL -p SRS E U DU A B b FEDA T HED)
IR T SEAR IS AL (exception group), i except * AT IV RZ A H SR B — R E
RIS, [ AT A H AR ) S EOE R AL TR, SR AR PR 8

>>> def f():
raise ExceptionGroup (
"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (
"group2",
[
OSError (3),
RecursionError (4)

>>> try:
£()
. except* OSError as e:
print ("There were OSErrors")
. except* SystemError as e:
print ("There were SystemErrors")

There were OSErrors
There were SystemErrors
+ Exception Group Traceback (most recent call last):

(HERT—TD
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(B —1)
| File "<stdin>", line 2, in <module>
| File "<stdin>", line 2, in £
| ExceptionGroup: groupl
4

o 1~
| ExceptionGroup: group?2
. 1] ———

| RecursionError: 4
+ ____________________________________
>>>

J

AR, WOREAEGISMEAL PGSO B, TN, EREENEEE L, EepshEE R
RepeEs s [ EHIE R Bl 5, JRILAT iRt

>>> excs = []
. for test in tests:
try:
test.run ()
except Exception as e:
excs.append (e)

>>> if excs:
raise ExceptionGroup ("Test Failures", excs)

8.10 FAEJRR{EHISNE R HE

BRGNS E TR LR, T e LSRR, BRI TR T B AR A B
AR TERALIEE], 7B SN 2 IS IE e Ra . Bk, BiI4MLA 1 add_note (note) method
(5¥E), BRI A2 — (8 T s [E s I 2 50 A0 (ED s B b o AS20fE ) [ ) 52 B0 Er e 01 b 22 42 50 H r
A EIAE , [ M A s I A e 2R HE S o

>>> try:
raise TypeError ('bad type')
. except Exception as e:
e.add_note ('Add some information')
e.add_note ('Add some more information')
raise

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

TypeError: bad type

Add some information

Add some more information

>>>

J

Blan, FERFEIAMCE B GISMEAL RS, AT B A B B ER RN I — 28 bR SO R ZERA R EEGI
FEHL TP AR BN — R, R s R e R B A

>>> def f():
raise OSError ('operation failed')

>>> excs = []
>>> for i in range(3):
try:
£0)
except Exception as e:
e.add_note (f'Happened in Iteration {i+l1}')
excs.append (e)

€ & A}
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>>>

ExceptionGroup: We have some problems
Fofm 1 ————

>>> raise ExceptionGroup ('We have some problems',
+ Exception Group Traceback

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

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
File "<stdin>", line 2, in f

OSError: operation failed

Happened in Iteration 1

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
File "<stdin>", line 2, in f

OSError: operation failed

Happened in Iteration 2

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
File "<stdin>", line 2, in f

OSError: operation failed

Happened in Iteration 3

excs)

(most recent call last):

(3 sub-exceptions)

(el b —50
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CHAPTER 9

Class (#g[F])

Class 241t 7 —FE4E A &R ETh R F-Br . Hr—1{W class &5 — R [E (npe), B H ARFFEST
ZBUEI)H B ) (instance). BF—1# class BB AT DAEAT — Lol 15 5% B 505k REAY B 1% (attribute) ., Class B {3
WATPAA —28 (FH: class T EFEAY) method (5¥E), HIMEMGZELBIRIRBE .

B HANRE GRS AH G, Python 11 class #% il (E] class 39N T f /D W HREEIRFER . IR A T C++ 1 Modula-3

1Y class ¥, Python [ class $24L T Fr A 9y (428 i #2 2 3% %1 (Object Oriented Programming) Fitj 4 47 (1 -

class 4R H /077 22 base class (FLJFEHEE]), —1& derived class ({74 4HE]) W PAZEES (override) H: base

class #J{F-fi] method, H.—1{ method W] DA AHIH] 1) 44 R0l H: base class [ method. #7{F7] DAL &5 4T 3K

AT BB E R, FEBH B, class tHHA Python FyB) REERE : M AEFATH] (runtime) B 757,
HAT DAFE N 2 BRI A

TE C++ BIATEEF, class A (EEERNE) WEARAME (BTAREZ: 248 %3%), mram
&E@T%ml&m WA ¥E Modula-3 H1—4k, Python [EJEA $2 4L &5 7T LAY 4 method [E) 2 I8 H
A method pFCEL—{H SN (explicit), 55— BRI CFAG 5| B S 2, 10 065 | SO AEIE Y Ry 55
(implicitly) @32k, 40[7E Smalltak "1, class #2114, iEE import [ HH A2 0L TR, AR C++
il Modula-3, Pyhon [El7 i ZU[ETa] DA% {8 F 2 DA base class i HAh % 7T (extension). %5 4b, UNFFE C++
i, REHEEHERRENEEERE T (BMER . NES%) #eT AR T class B4 8 T 2 36

( H R e = 3830 RE 92 52 O AT A i iy class, TR BT & (1) Smalltalk F1 C++ 9 #A7HE . F&& (/] Modula-3
TR, HEE I:[C C++ BT Python E’J%#Fligrﬁnn B, EREEY R IR E.)

9.1 FARaREEYHFI—EEE

YrEA (M8 1E: (individuality) , H%@%%(E%@Wﬁ%&w@)ﬂuﬁﬁ%ﬂﬁﬁ%%#oEﬁﬂm
FEE HREIE4 (aliasing). #JUKIEME Python Wil # A @B S A48, ML B HLR A4 ) HAZIE] (¥
. 7. wple) K, EWAT A4 ZNE. SR, (EV% 1 £ A7 T APF (4n list (H2%1) . dictionary
() . AR Z#H ALK BUE]) ) Python X AGRE R, FIREG A REAMARER . BlEA AR, H
(BB 4% 7 260 T R BUAS M3 4512 (pointer), ZR(I2R(E], FEEVERFEE MM R R, WERA 5
PR AR B T — YRR S E A, MR (caller) REE] REESEME— EIHIR T
AE Pascal H i i AH E)S | #5 EHEA% 0 555K
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9.2 Python {ER1E; (Scope) K é5& = (Namespace)

TE/T A class Z B, FolbZHSE 15— LL Bt Python FE IR . Class definition (JHEIESE) DAy =
MR 7 — LIR30, TR 2 7 AR IR iy 47 25 B ) A A R S AR B IEAE B PR 00 . A
—Pe, BEIE (A 3R A T AT R ) Python Rz nt Al 2 ARA I HY -

AR — L FF UG -

o MR AL AR Y PRI . RS 1 iy 4 23 W] BUAE AL 12 LA Python 1 dictionary # 1, H@ & A
FOMERy A gege s (B TIERE), HEFREGTERNNRE . A= Mme 74 ERamrsEs (A
W abs () WX, FIEEMFISNAFE) ; B4k (global) 2478 ; FITE R 5 I i lELs, (local) 44
Mo RS LE, WP B ISR eI a2 . BRaa SHNEE -2, AR
44 15 2 D EG BE; SRORE), WA tRIBAL#R T AE G maxinize BT EIR
Vi AL A e EVE i B RTSR (prefix) FUAH 44 .«

NEGHS —$ , B B 1 (attribute) SEARF, HEREH)5E (dot) A& MW ALAT 44 F—— il , ES (Y 2. real,
real BYINF z W —ME M. Bets 2K, A b2 A 2 I i Y2 I 755 modname . funcname
41, modname 2P funcname REME M. FEEMEET, BN AL b @ 10 25
ARBRETS A B ML TR R Y dir 4 2s [H]

B AR MEE S T . EREWEET, BB L TN, SAEE R TR R
T PAE modname.the_answer = 42, W& B AH del BiAREIRE., B4, del modname.
the_answer ¥4 [F modname [P EIE B the_answer,

fin 4 25 MILEAR IR R 20 e, [ ARG # . 4 Python HRAREIEIRE, A A4 MR v 44 25
i, EIHGEA GBI . SRAE s AR, B a2 = M g godsr: —REE TR, £
AILI) i 4% 23 ] B Fp A B ELRR AR A R o D ELWR A TR i 11 (top-level invocation) BT BRIAS, A2
HEEAEE I o2 BB, G E—ERE __main_ BN, BHEMASH
Ol M, (DA MR L hAE— g, BB builtins,)

PR 3 I 3l iy 44 25 [ R AP R SR ST 1, T pR R ], sR5 138 T R AE R = s B 1) 71 iRe by
A awER. (HEEL, Sl iR E BRI E T k. ) Wk, SEEF A (recursive
invocation) #A B O A9 W3 G 24 =5 M

TR 3382 Python X i) —{If SCAR B (textual region), 7EMLIE, 4 23 [ v ELE AP SEEY
[AIEAF Y] BEGR, B— AR IR E 2 ] (unqualified reference) AT ATE 44 25 M [ E il 5 4%

BV e ERe e, (HEMeB i ng . T B TR e, #ef 3 54 [
SOIRAVE R, Mo 44 25 ) n] AR B R Y -

o EVEIEMSL, RIS, MEas T RS

o LA 51 e X (enclosing function) YRR, & fE el i) S0 AR B aR 18 =, B0 T AR I
(non-local) F14E-4=15; (non-global) 144 F§

o RO RARE I, B A RAL B A A A
© BOMRIMIEEL (REERS), 2OSE@RAmr sz H

SR 4 AR A EV Ak, T 1 2 VR A 3 1) o 194 4tk O 50— (AL R 3
BT S EV A T S DUOMR B0, AT DU nonLocal Bekst; ANl sess wiE Al s 4 1)
nonlocal, JIE: P €2 IERT (1 k80 A Her 52 0 i S EVE 1 1 PSR . — (96 e Bk, 1)
ISR AR )

W, WIS E S (OORR) Sl A i, e UONET, el B 2 el ) ek 2 B
HAFERI A4 25 B A& 25 8. SR, Class definition €577 [Fs 4 Atk ohiic e o5 —fH fi 4 25 i .

BB TR, VR RS CSCARE R R e AL T e s ko, A 2 s A R % AT, 4
i R 2R AT B B DA B2 W o 55—, A R A BE PR 8 2 ZE A TIE Y (run time) B BB 52 LAY
B2, SEEERME R, F8m7E [ 42 ] B (compile time) [7%)([FI#E 4 FEfEAT (static name resolution)
JIT DAAS B AR ) fE 44 R ARATT (dynamic name resolution)! (ZFE{ I, JeyfRatdi el 4 2 EIRethpiElz . )
VEH—EBISN . B — SR E L, fE _ dict_, BN EERIAH Y4 23 MY dictionary; __dict__ &

A8 4 o — I PR AN i A o BBEOR, (00T M S i 24 S TR L VR AR AL, T R % KR T TR A2 R 8 4% (post-mortem
debugger) Z JHMHPY .
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— il Python fyFFIRIEL & INEA global B nonlocal MUASIRUR— Z AN (assign-
ment) F @4 ol i E g E . EA @ EER—— e e i =0k, ERtid—i: Bk
X del x FREEEAE S M ard =S BIRER < A . S99 L, 51ACH A MY A S S0 6 s A
R FFER import BOAXFIRACESE, Sl sl (BRI A ul ok 4% i

global BRIARZTT DA AEF R4 5 MU 5 7E St U Pk, B RZ W e 4% 5 BIIRIE] s nonlocal BAS

TR E S BT AE AN RE, RERZ i S A BIIRE].

9.2.1 {EABf&E=FHAIEH

g R, RS AR E s a4 25, VA global Ml nonlocal N5 & i 4

E:

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)

PR RS i 1 2

After local assignment: test spam

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

EEE, BRRE (FERIEE) AEikss scope_test ¥t spam fr)5H
spam (W4, T global BR{AREE THIAE I MHEES .

AT LABE L, 7 global WM 1T, [EVE % spam 4k,

9.3 # R class

Class [EIH— 888 0RRE . MR IFRE], PAR—SRiei .

nonlocal BYHILEE T scope_test ¥t

9.3. # A class
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9.3.1 Class definition ($[F)F3) =;

Class definition &t BRI T

class ClassName:
<statement-1>

<statement-N>

Class definition, MK ESR (def BA) , WHAEEMAEMBCREIEAIT. (R ARRIE class
definition J(fE—{H 1 £ PR3, sifEr(E. )

EBEAERE, class definition (I Bk stili 4 62 Bk e ae, (HULMBRSR UL el , HIEIE AT
PR % G 1 B0 ). Class At B2k s 26 24 7 — VAR5 | O T2, TR(EDRS method F P e
P UCHL, R R

P A class definition, —[BIFFA v 2 25 A6 vy, (AR ME AT B, Py [ e 0
AL AT AT 2 LR, o 2 v i O 4 0 2 4

IEHH (45 EE) B class definition B, —{ class H P G 9T . A 1S 2 5L (wrapper),
#L3% class definition #3744 25 B2 FRADKAE N — 8 H SN T f# class P11 JEARE IR AE I (78
1A class definition 7 B EVAERAIVE FIR) €18, TELL class P & 945 3 class definition FEHHH 45 HY
1 class &% (FE#if5 (] className).

9.3.2 Class ¥4

Class ¥ {F 1B Wit EE : & 22 18 (attribute reference) F1'E 54k, (instantiation),

B 1+ % B2 fii ] Python T B PES BIMARMEREYS . obJ .name. HRUWEMEL TR class P14 @ AL IR
class (¥4 S T A 124 R . FTPA, A2 class definition 7 i AR 48 Bk :

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

def f(self):
return 'hello world'

HREIMyClass.i fll MyClass. £ #EAMABIES IR, G/ EIE R — @ K XA F. Class J§
PEW AT AR HR R (assign), FTPAGEAT DAZER IR 3% MyClass . i IfH. __doc__ W@ —fEA RN E T,
oy [a] B8 1A 7% class [EIH]“E 8 (docstring): "A simple example class",

Class & )10 (f ] T #zUrE % (function notation) . % class #1142 —HEA 280 R, & BE—8 5
() class BE B, Bl (2 LiARY class) :

[x = MyClass () }

AT class F—EET B ), [EDH M E T R4 IR IE s 3 x .

BHAEE (Tpm ] 8 class #914) Erdsr— S eE. jF% class B EUE HAr WA 2 H R H R
EEGIRIMIREE . HIL, class AIAEFR —MAE __init_ () AY%FE method, iEtk:

‘def __init_ (self): J

self.data = []

& class EFE T __init__ () method, class E{Ib@ELR 1 class FHHBFEM _init__ (). FrATE
EEEEGI, PR WU AR BT AT R

[x = MyClass () }
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WA, __init_ () method WREE] T E L MM AT ¥, EEMEEET, Z4 class BHLEE T
Bl Eerm gL init_ (). Billn:

>>> class Complex:

N

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

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

9.3.3 EflMt

BUAE, AT AU ] PR B G F 7 B Re B AR M R R 2 M . A R R A
kLB (data attribute) F1 method.,

B AL L S Smalltalk Ty [ECHIEEH, PAK C++ iy (RSB ], RV IEA TR Al

Sk, EPHER—REPRER R G L BAETE . BN, R x & MyClass 75 B T/ #SLAE B,
TR A E 16, A FEIE:

x.counter = 1
while x.counter < 10:
X.counter = x.counter * 2

print (x.counter)
del x.counter

The other kind of instance attribute reference is a method. A method is a function that "belongs to” an object.

B {4 %L method &4 FREUETRA L class. #RIEEFE, —MH class FATA AR B 1E, st T H
B E method, FIrAEFRMAGHIF 1, x. £ & — A% method 2 i, MyClass. f j&—ffil i
L, Hx.i A2, MyClass.i A&, {H x.f HlMyClass.f BA—EE1——B 2Z—1# method %
B, A 2R

9.3.4 Method 1%

%, —fH method YE TR E Il g pny :

[x.f() J

1E MyClass (I FH, B EEFE 'hello world', #Aifi, [FIEHAG %7 BIREIY—{# method: x. £
J&—1# method ¥4, [EIEATARERERGESE, Z B EpEn], S2psRE:

xf = x.f
while True:
print (x£f())

AFE AN hello world HE|RIRHE.

{1 method HAFI RF 7T T8 @ 88 A AHEIFE? ARATRECARTERE S . £ O P A5 %, B9
£0) WRACEFA AR E 58 B G BeEE A T AHEIE? R — (055 | o R sl ] 1 (B4 45 1A
S18RF, Python 15 7€ €51 45 4N BN ERZS | B EEA R

FHE L, RATREC S T8 % method IR Z BEAERY, B 1B pa =X b i) 85— 115 | S5l (% .
EFRMWE T, <. £ BRI MyClass. £ (x) . —MRIE], PEI-—A n {#5] %) method,
S R Ay — {35 E e 20, H5 [ 8081 3 (argument list) @8 3 IRF, @ 7ESH— 15 BRI A 3% method 1)
GIE7GeR

—fRARE], R TAERINT . W — B B R B P 2 I, i @8 SR B class. WIRR%
ZE— AR class J@ 2L, i H2— WXy rE, RIS EpIY R s X 2 A e T U2 A
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WIErR . S | B SR TR SRR I RS | R A AR — R S [ e ), (B

%S | oA 51 A e K 1«

9.3.5 Class = {5l &y

—BRIE, P9 53 UMY TR — M B B B AR OB, T class S MU R4

method :

class 1) T A B i 3L

a0) el

class Dog:

kind = 'canine' #
def _ init_ (self, name):
self.name = name #

>>> d = Dog('Fido')
>>> e = Dog('Buddy')

>>> d.kind #
'canine'

>>> e.kind #
'canine'

>>> d.name #
'Fido'

>>> e.name #
'Buddy’

class variable shared by all instances

instance variable unique to each instance

shared by

shared by

unique to

unique to

all dogs

all dogs

d

GRIRFE B 75 & R sy ot — P s WO wTae, R SER R Somutable Wy, 0 list A1 dictionary, W] HE &

HERANIE R, BRIRE], FHREHERY tricks list AN RERZAEE—M class s 3l f, PHIEDLE (7 list ;{%ﬁ@}z

JITA 1) Dog ET?JFJ?A%

class Dog:
tricks = []

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

['roll over', 'play dead']

# mistaken use of a class variable

# unexpectedly shared by all dogs

TEAERY class BT I8 % B BO 058 4

class Dog:

def _ init_ (self, name):
self.name = name
self.tricks = []

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

>>> d = Dog('Fido"')
>>> e = Dog('Buddy"')
>>> d.add_trick ('roll over'")

# creates a new empty list for each dog

€ & A}

78
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(L —5)
>>> e.add_trick('play dead')
>>> d.tricks
['roll over']
>>> e.tricks
['"play dead']

9.4 FEEMHL

1 SR o A 4 ) e B — I B A — {1 class o, R PR 4R B ABEHIEME 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

HORHE T B method SR MM IFI— AN E (T%(Ei]) B2, t2E], class RA] HTREAE
Aok R LE]. SR b, 7E Python HrENA (LA AT GEAY 7 vk, AT B BEMUE R A2 B R
Blo (55—J5H, A C %% HY Python TEAFE AT DAZE 4 b el 2 1740 6 (F) BLAE L0 SERp W (O A7 I 38 Ml DA
BELA C #5511y Python SEFERT{ - )

2 VS /I G0 0 2 D T o R EV R 2 P R e, TR 7% method 46t 1)
REERE. TR, AT AR & R0 SR LRI TG, (FUR 8 method ROATRCHE, HUEEEGR
AR T YRR, & T DM R R

15 method 12 FR VTR 1E (s method! ) RFARIF5 ). FeBBLRECHE I T method fy Al [
e+ ZEIFVEE method W, (A fribLis sk 2 0 B 15

A, JryE s — | SRR se1r. &K FUR— () self i&fH4 7% Python A(F5E 4 EA A
MR, IFREVERE, ASURRCORIRG), (07U AES H b Python kit M AREVT SR, MLD,
LT DAAEL 6T R DS £ F BT 485189 class (EVSE 3 (browser) .

ARl —{EAEE] class J8 14 (1) p& s ERE)RZ class (O BE) 2 38 1 — A MER) method., PR EFTWA—EHAL
Fr7E class definition ) SCAHR i R S48 E 45 class HH 1 [ e s 8o 2 T DARY . 52 :

# Function defined outside the class
def fl(self, x, y):
return min(x, xty)

class C:
f = f1

def g(self):
return 'hello world'

h =g

BUE £, g Fl h #R2 class C UM, EHEm P05, BT AT class C F I method
SEA—HRIY. R, E AR H A o R R R

Method A] PAFEH{#i /] self 5|8/ method &, WY A method:

h i g 2
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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)

J

Method 7] DA € — i o 2CAH [A] 1) X 2 I 3 44 A6 . B method AH BRI A9 &3 AE HIS, mie & HERN
WA . (class 7K A G9E FHMESIAE AR, ) #ER AR /DHLE method H (I &3 & B e 40 Bt , (H4
WAE RS 2 AN rE, %Ji import % A3 AE A3 sR 2CREAR , 1T PAKE method DA K FE 7%
A F I G 28R pR R class BT . 3%, 97 method f class, ‘B B sift & i Fo A 18 (M 43 A I 3k,
E R, FRMAGEF] method FHE S M H 1 class fif—LL 17 i I

;F%ﬁﬁm*@%@ RS AT — 1 class, tRTDARREIE K type (R[E]). EPA object.__class__
bk

9.5 #&% (Inheritance)

WK, WREME SRR, [class] & W5 S H A EAAEE class, —1# derived class (#74:38[E]) &
FMEEE AR

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

45 BaseClassName WAZEREE SN AT M4 25, FLazfF I 5 derived class jE%. %
PR base class (FEIRHAE)) M4 785, HOHARAE RSN LR B AR . SE A, B0, 3 —1# base
class JZ27E 7 —(HBAL P H0E 5k -

[class DerivedClassName (modname.BaseClassName) : ]

4T derived class TR EAE, HLH 4T base class FH[A] . class ¥ u @R, base class &#EiAE. B
TR AT B S B AR — R 2SR i J& 1 JyA T 5% class 4R E], Al &4 47E base class Hrfiag. RN
base class 7% B tH 27774 F HoAth class,  JIJ 5 R 1) € 1 [ b i 1

B derived class (1 B BIL B A #F[E]2 i : DerivedClassName () € @37 i% class ff)— {1 5 £ 0.
Method 1) 2 IRBEARHTAN T SFERY class @M@ DR, WRFRE, I3 base class AREETE, W
SEEE TR, % method 12 IR AR

Derived class 7] DA 75 25 H: base class [} method., method £ -1 [7]— {97 ) HiAth method IRFE)45 4F(E)
FIFFHE, FTPAE base class ffJ—1{fil method FEIF Y AH[A] base class e 6 5 — {8 method IR, AT HEE
1Y 5 —1{ 78 552 1Y derived class F1AYJ method., (45 C++ FE= % sHifi: Python A1 4 method BB _FHLE

virtual,)

—{l7E derived class 7 5 1Y) method W] GBS B & AH 4% 7e 1 31 BL AR AR base class HAH [F] 44 F§ 1) method..
BH PN base class 11 method 7@ R fi B ¥k . H3EPEN] BaseClassName .methodname (self,
arguments) . o A FHREEmBHEEH. GEERE, N AT base class 7F 4 3 /E A 5 T LA
BaseClassName WA EUR, BhHEAARL)

Python 47 18 [V bk 0 T A A A K -

o ffif] isinstance () ¥ —MEERFIEE]: isinstance (obj, int) HAFE obj._ class__
& int AT HE int B, &RAGRE True.

=)
e
W
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o {§iff] issubclass () H¥rclass #47K: issubclass (bool, int) &ri& True, bool & int
I subclass (T#H[F]), {H&:, issubclass (float, int) & False, float EIAE int 1Y
subclass.

9.5.1 ZE#EX
Python 1, 8 Z AR INIER,. —{HF £ base class [} class definition F L 2RKME BT

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

HERZHEET, wEEAEFE, ReTUEHKE%, BidM8K E parent class (CHEIE]) MEME, HiEg
SHENE: wEEL. 1285, FEREEEEIRMIFE class NEEE S, FHib, Bang g e
DerivedClassName [EIG#48F], HIFE Basel a1, 3 (JE[EIH) 7F Basel [y base class F138 =5,
BANZEARE L EE B 5E, €1E Base2 a8, KRILIHHE.

HE L, ERHMERE—L; method MENTIET 2By REHIEEML, DALY super () MIATERFIY., S
LA Z FERGES b, ERFI R —{# 7% (call-next-method), H. I 7E 847K 35 7 111 super call
(EgEn) HAgEER.

FReHE T R0y, WIEZ BmERNITA R ER R 2K RE (Hd 22— parent class 1J
PARE B class 32538 22 (R B ASAE ) o BN, FTA 1Y class #A8K H object, [HILALAT £ EERMTE
[EJES L T 2 M H) 1 object HIEEAS. [E)T 4 base class $iZ2 KAFHL, BREHAELE L U E SR
JIE - [E:AL (linearize): {7 B AR class PR RIEZE B A RO NET . BR8] parent H @ pny—yk ., i B
#1 (monotonic) 3 (FE 2, —il class I DAY subclassed (FHAEML) , A &5 2 parent 8 7
BIEET) . M, Bt sat bl S T e e . B ZHEEK class i fE. EL2EH, R
python_2.3_mro,

9.6 FEH

(LA (private) FEHISES, TR ATEY) FERR M MR AF I 8, S8 7E Python @ NFTEM. (HE,
KZ ¥ Python yRE: A HR Sy — MM misRE—EEE 48 (0 _spam) MERARE APT (17
A ) BI4EAA (non-public) 7Ry (M E KA. EBUEEANLER) . EHHE— M EAEAE,
HiEE, IRATDATEA.

WESR class AL 1 S E A — B4 200 I (RakE S 44 A EE subclass 5 38010 4% TR 58 ) , 15 A% il i A7AE o)
— (B BRI 3% , FBE] name mangling (£ FEH) . ATATHERE __spam (F/DRHME FEE, K2
fH 2R T IRED) W45 (identifier) €4 CA g2 FIE] _classname__spam, fEM classname 5
S AP R IRER) EET class £ F. HELEMBMETE class @R h it Bl e % gz
AR FEEAL B I B ER 52 h.

hz%
2 (EVFAA 24 TR AR I 15 AR I (.

4, T A6 fifi 35} 74 € subclass 78 %5 method [ AN F 3 class [EI50RY method PERY , 247 % BhAY . E251 2K(E]:

class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

(BT —TD
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(L —5)
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)

fE BB, #AE MappingSubclass FHIA __update #EFF, WAIEAESE, HEYE Mapping
class 1, B &g & _Mapping_ update, [MifE MappingSubclass class H1, & ¢ # E[E
_MappingSubclass__update,

AL, AL R B SE AGR AN BT BRI S I — R R R A i s B BRI SE T
EEEFRMRAN, BINTERREHE (debugger).

FIAMBHER  HEL exec () B eval () ARG G class (44 FEAEIH FT ) class; 58 Ml global
BROAR A RORSEAL, , R [ A A2 B A il v JC A 4 5 A% (byte-compiled) FYFEZCAG o 7] 4 B il 12 FH
JA getattr (), setattr() fldelattr(), PAREHESE _ dict__ i,

9.7 #7(L8E

R — R E), $E{LR Pascal 1) [record] B C ff) [struct], WJDUK—2AG 4 R0 EORIE H 845 7E
—it, AREEGRAN. A s EENMEERHH dataclasses:

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str
salary: int

>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

AR IR IR IS BORL U ET ) — B Python RXTl, ASH REDAELE—(F class AL, B class Bz 4k
Z[EfY 2 AE method. BN, WERARA —MHK, EEE—EEED AR R, fdinT DUE 5
—ffff read () Fl readline () method [ class {EEA T, (7 epaRmpuGert, ERHARTS]
BORMHIE

BB method YA JEME: m.__self
s&i% method Jir 3 JE 1) & X

e A method m () AYEBIHI:, Mim.__func__ HI
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9.8 [Fl#2% (Iterator)

FIHBENE, ] ERBIRZ W2 & (container) PR AT VAGEH] £or PR AGIEATEIE -

for element in [1, 2, 3]:
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='")

AR PURAR N . R A (. EMRES A6 7E Python W B ml R LAY — 8. #E#Ef%, for PRIA
EAERM Y EEN] iter () o R EE—AEMCEE, WYHEFET __next_ () method, it
method €% —fFIA S P TTE . WILEM#ER, _ next_ () ¥§5]¥# stopTteration Bl4h, i@
Al for #IREIRE .. AR0T AR HEE X next () ZRIENY __next_ () method; EfH B 1R T ERYE
PEJ =

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

00

>>> next (it)

'bl

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):

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

next (it)

StopIteration

FimECE 1 E R R H1 18, TERIY class I AER S HATEMBRES 7. €5 _iter_ ()
method 2R [ E— (@ #FA _ next_ () method B4 WK class ELEFE T __next_ (), Al __iter_ ()
APAH [ self:

class Reverse:
"""ITterator for looping over a sequence backwards.
def _ init_ (self, data):
self.data = data
self.index = len (data)

mmn

def _ iter_ (self):
return self

def _ next_ (self):
if self.index ==
raise Stoplteration
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)

€ & A}
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(R L —5)

w T e 3 .

9.9 [F|4 28 (Generator)

(4 25— A i g B ARZ G il B E R TR MM s i a S = —h, (Eg e 2
RHEE, G yield BUA. MRFEEAZ LIFM next () B, © &% LREEFM O ERENT (BG
FOAF T EORME LA K E— R T BRiR ) . AT HEGIBUR, B[ 25 0] A b 5 -

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield data[index]

>>> for char in reverse('golf'):
print (char)

Q O H th o+ -

LAY A EVE SR ASSE U, WLRE DA class [EIELBEAG RS AT A, anlal ai— i flid . a4 245
MRS ERS MR A2, __iter. () Ml __next_ () method & F EjBE .

I3 — A1 B R R A Y, el R LA T IR R e A R RN 2 T B BB A 8 AR R X
self.index Ml self.data &/ E B8 B X E 2 5 4 5y FLSE BRI -

B 7€ B B)r method FIfifAREsURAE, WS LIS, B2 & )5 stoplteration, @k
RS AR, M EfCR R R R A S

9.10 [F428:EERK

R i B ) A 2 1T DA By B o — s ) SRR SRS, 9T 128 List comprehension (ER 31 45
THE) , AASNEEESE AR F5 95 B0 S s R E) A #9447 BBk #h B R =X (enclosing function)
FT A I ). () AR 2 o i o e g (FD AR 2 M b, ARG ORS fl (R ) g e 2D, L L S8 300 Tist
comprehension B [FIf{i 44wl 1E s .

Gk
N

>>> 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'
(N —5)
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(B E—H)
>>> list(data[i] for i in range(len(data)-1, -1, -1))
[lfl, ll', lol, lg']

[El#
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cHAPTER 10

Python #E4E & BT E

101 fERZHHE

os BALFRHL 7 B SRS R B Ay R 2

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python312"'

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

B import os MMidFE from os import *. igiffEa R RS A E/EZER os . open ()
BEFE M open (),

FEME os AR BUSTHREETCE R0 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 B>t (File Wildcards)

glob BLAHFRAL TR PAGE B I8 H e 8 S EIE AR 25 35

>>> import glob
>>> glob.glob('*.py"')
['"primes.py', 'random.py', 'quote.py']

10.3 &< IS8

8 TREAH 2R 005 [ . 32 [ #egrph list (8331) JERAFHAE sys B argy BIE . fi
WIAF demo. py HE%E:

# File demo.py
import sys
print (sys.argv)

PN BAEa 2% #4T python demo.py one two three [HHiH:

[[’demo.py', 'one', 'two', 'three'] J

argparse BAERAL 7 ETRE BB RO B Ay 2515 1 . AR EAR T [EVHR— (R 2 2 AR 2 44 7
NSRRI 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)

J

Hpython top.py ——lines=5 alpha.txt beta.txt AT, ZEIA ¥ args. lines
#([E 5, [l args.filenames #&([F] ['alpha.txt', 'beta.txt'],

104 #ERBHEHNTREENRLE

sys BUA sidin, sidout, Fil stderr SFE k. BIGEHT stdour BRI INE, #23H stderr MIHHE GRS

UL :

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

AR EA R AN R R sys . exit ().
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10.5 FHENLLEH

re BIAHHLHEIE BIF IR (regular expression) U [ A 7 83 B . 4 e PR EHE (Y b 38 DA SO BRI TR
PR UR R AR b R E) )y 4% -

>>> 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'

W T B R, DIV AT LA RO (RS, R AR B 11 method 2 HUBC AR -

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 B 4HR

The math module gives access to the underlying C library functions for floating-point math:

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

random BEAFR L T B T.H -

>>> import random

>>> random.choice (['apple', 'pear', 'banana'l])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[3o0, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

statistics BARIRME T BHERIEHREAS R (BT, P SEEESE) HoRe:

>>> 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 B4 <https:/scipy.org> A 71 22 BUE A B A4 .
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10.7 #HEEEH

Python HA7 25 77 HA i DA L2 i BRAR B 16 7 o s BELA A 1) 7 (4 urllib. request #E41IN] DATEAY
HEATHCE R A, smtplib ] DA ARAFEfT::

>>> 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 ()

(SR RG] 1 rh 77 A M AT — (B 7l At )

10.8 H EAf B B

datetime FRALFEMLFF L class W] PASRAE H A DA K RE RS, AR 6 BELAR (BT - BAH S0 3R H U9 BELIRS: ] ) 3
B MR B R R A B S EEAE S e A A DA SR . B A R At Sl 1 e e (B3

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%m-5d-%y. %d %Sb %Y is a %A on the 2d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> birthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368

10.9 BHEIEH

TR R R A AL R A% AR B SRR, 4% 21ib. gzip. bz2. lzma, zipfile PAK

tarfile,

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)

>>> len(t)

BET—3
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(L —5)
37
>>> z1lib.decompress (t)
b'witch which has which witches wrist watch'
>>> zlib.crc32(s)
226805979

10.10 YEEEA

A7 — 4 Python fff F 25 AR AL 7 A ] (1 5 RE ) R [R) BEAE D YA AL B 22(E). Python $24L T sEAl Rk e 22 [EIRY T
H

>~o

ROIRE), ARG HE M tuple AFT A B A B ARSI 3. timeit BT DURE bR
INALRERAIEE A -

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"') .timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1l; b=2") .timeit ()

0.54962537085770791

A timeit BARALEEAM ORI, profile BAIDAK pstats BAALHIFRML T —2xE KA YRR
Al () 6 b B S [ (time crritical section) [ T H. .

10.11 REEE

FEE R AR (R 735, R B R R A ek U B, DASAE B AR rh SR B b i L2

doctest FAHFEHL T —M TH, i l*ﬁi‘%&iﬁ*lmﬂﬁi@%%% T A T [ £ B
I Y R A SR B R IR L3 SR b SR LR A bI%TlEﬂﬁdﬁF, [El e
doctest FEAL A FRRE2UAE Y 45 S B ETHA SCf— 2

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 BAHANE doctest MALBMA S, (HRERRARAT LATES Sh— (A SRR A o s ey st 4R -

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, 7]1), 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
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1012 {R4EHEE

“Batteries included” J& Python By a4 EL. B MBS DAE@ M E KRB EM:, BB E R
RE, SRAFRNENGE. Bilan:

[l xmlrpc. client il xmlrpe. server HIALMIE Ml MR R I S HEA 5 . B (kAL &4
FEEVA XML, i 5 (E A 7 B B XL AR o804 L i

o KUH email B A MIME FlHAth RFC 2822 #H B & T CFUE R SCF . AHER smtplib

M poplib JE L B AL S YGIUR ORAL , email PR HEA S SE R0 T AR, Wl A o7 B
fRASEATUR AR (R A ARER) AR E A i SR B I

* json E{}¥ JSON BRI ZEREAmFINT, SULEIR SR, cov BAHIERALE HHE CSV (PAE

SRR AR A% X, TN EORLBAI AR 38 ) xml.etree.ElementTree, xml.dom
Bl xml. sax BFAISR XML g R, £ABITA, B LRI E RS L T Python JE i A 2L
ftn T B2 Bl g2 [El.

sqllite3 Kifl/2 SQLite ZORE pR U — g e, Fefit— MR B Fr AR EORHE, AT DABE Gk
JEERMERY SQL FEIAZCEN BT3B A7 I

O B B4, 5 gettext, locale fll codecs &,
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cHAPTER 11

Python #ZAE R = ER EE—— 5 — 7k

5 R R S 2 SR AR R T R A A . R SR AR A B/ NE A

11.1 HH4ER {1t (Output Formatting)

reprlib BAHRML 7 repr O WIMA, HFTHRARRE R A BRI Bl 1) SR A -

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
"{lal, 'C', 'dl, 'ell 'f', 'g', ...}"

pprint WA REEEEAGE & B & i e g E ER s B, [ H 2 DA S T . 4
FEGE—ATIRE, [ESer IR S A TR, DAV R TR BB g -

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue']l]]

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['green', 'red']l],
[['magenta', 'yellow'],
'blue']]]

textwrap BAHRBEMEA M SCARMBE , PARFOFE 8 I AR T -

>>> 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))
The wrap () method is just like £ill ()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.
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locale FEAH REAFI—M8 S A7 e SCHUHH B EORH& SR R, locale FEAH Y format e — 1 grouping
JEE, ATEAE AR BT (group separator) A% 3L :

>>> 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_string("3d", x, grouping=True)

'1,234,567"

>>> locale.format_string("%s%.*f", (conv['currency_symbol'],

conv|'frac_digits'], x), grouping=True)

'$1,234,567.80"

11.2 #&E#R{t (Templating)

string HAE S HZIAEN Template class, SR HIILRRRIE & 6B EAT MR T . B2
HEEFERA IR, (B 5 R 8
7 R B EIAF 5844 % (placeholder name), ‘B2l $ MI_EAr¥ARY) Python (EIFF (F-RE. #erAi

TIRE]) W, fH OSSR EOAFSE AR REAE AR b S 2 1) T R T T e A S . B 59
A e BB 5T 3

>>> from string import Template

>>> t = Template('S$S{village}folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

B R AE dictionary B BH 8 7 5| #oh K S AL 3 H B A 47 980 E, AR[E substitute () method 5| %
KeyError. ¥ AE¢E4[E (mail-merge) FEZ A ME AR, 60 F RO S RA WTRER A 52 1, 1t
(i ff] safe_substitute () method & ¥ @ E — WRERA B>, ©aRRRERNAFIEAS:

>>> 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$owner.'

Template 1 subclass (FHHE]) 7 PAFEE A 5T FAT9E (delimiter). B, — AR A [EVER 2% 09 v B
MATIAE, ATDASESR I 0 S EEEAE B . W s s Ak S B4 5% -

>>> import time, os.path
>>> photofiles = ['img_1074.Jpg', 'img_1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = '%'
>>> fmt = input ('Enter rename style (2%d-date %n-seqnum $f-format) : ")
Enter rename style (%d-date %n-seqnum $f-format): Ashley_%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' 2d%b%sy")
>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print ('{0} ——> | }' . format (filename, newname))

(BT —5)

94 Chapter 11. Python {R# RN E#IE — 53



Python Tutorial, £(F] 3.12.4

(B —1)
img_1074.jpg ——> Ashley_0.jpg
img_1076.3jpg ——> Ashley_1.]jpg
img_1077.jpg ——> Ashley_2.7jpg

SR 75— (R, A e ety i A 6 A B R . S g T ATE) XMIL 58 L AlSC
TR HTML 4B RB E B AT .

11.3 —iE#IZEI52 4 HE (Binary Data Record Layouts)

struct BAHRHET pack () M unpack () Rz, AR ERE AT E)R AR i HIRRERE . AT HiBIE
B, W AE A zipfile SRALRIIEENT , 6 EIEEE 08 ZIP 45 % o 2285 % 3 (header information) .
JEE Z AR A En A T AR TER S A RN DU A A T AL A BEAF ST B (unsigned number), " <" FoR T2 AEHE
FN, [ENEF /N little-endian) {57 TCAHME P :

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:startt+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 Z#17# (Multi-threading)

A THE 2T AR A (sequentially dependent) )25 i (LB A T A (decoupling) FHEAT. Fi At
FERSTETT SERATIRG, 228047 4 T AT AACHR T8 AR A e 42 e 6 D 22 e A TRR A BB BB o — (1A B ) 1 191
e, 84T VO MK, 787 —BATHE P Er TRt

PATN RIS T R B Y threading BEAAMAEE SOE TR, M AR R IR AR A EA 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')
(R~ —5)
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(R L —5)
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.')

ZWATHEIE AR R FEEP RS, B2 Mt R s PR AT 4% . [Et, threading AR
HET Z A 5] 2 BE B 5 44 94 (synchronization primitive), fU354H (lock). ZE{4: (event). 14{4:%# ¥ (condition
variable) F15¥(E] (semaphore).

T E L T RARED, (AN st st nl e s — SU s A LAY B TDA, A5 15 i ) 338y vk
i, EPA SR BUR PR BT, RO queue BHAH )% BT A A2 1 AL T 4%
k. AR Queue YIIETTATA M EEFIE, GES ARG, Ea@. T,

11.5 B[FJEE([F] (Logging)

logging BALR LD AR AR 4> H s Wik H BB R 5. fERMEEOHBET, HEME Guarsg g

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')
J
EGEA AT

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

FETEREE, SRR EEIUE A R, i Gtk BIEIMESY 3% (standard error). At 8 IE {1
&, SRS EEE R EE . BRIk (datagram), AAREIE)EE (socket) B¢ HTTP fal il . HrrdaH I8 45 ol AR
BB EEIE, SRR MK H (routing) J73: DEBUG., INFO. WARNING, ERROR };{ CRITICAL.

H (VAR 5T DA E2 1 Python ML, AT DAB A G 3 T 4R b0 ML RS 4 DAREF T ) F TR
(E), 1 90/ S P S 1

11.6 555|F (Weak References)

Python € [ B TRCIE R L (K2 M (F AT 2 B (reference counting) [EVfi i garbage collection
AGHBRIEERS ) . H— 2 BARIRIUR R A, e iE il et .

I 2R 22 i AR A OREIARE B R, (EE ATt 35 e W (AT SR A Ll 428 e P e R e B e 4 .
AR, B HEBEEM, e — @4 ek A L (permanent) ()2 M. weakref HIALHRALK
THA AR HE 2 Bt BB P AR, B H B 595 3 (weakref table)
?ﬂ%ﬁi%l}% 555 | 9 14-f 55— [B]1FF (callback) . LA ) JE FH A0 45 BT 7 (cache) AR LE R A [E B & 4
L

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ repr__ (self):
return str(self.value)

(HERET—TD
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(R L —5)

>>> 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:/python312/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 €M List Y TR

FFE BN ERHE RO TR, T DAZBET Y list (H357]) ZUERGNE . (H2, AR e i e &4 iR
&, TE R,
array BALGEHE T —M array ¥fF, BARRE list, (B RERAAEFIR BB HBE B U fAF . T A9 51

JER— R B (F 85 (array), DA (7 TCALRY MEFF5E i B (unsigned binary numbers) [EVfifi A7 8L (S5
"H"), TAE Python MUY PFrIERL list v, A {E 2E F a1 16 i oA -

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[l:3]

array ('H', [10, 700])

collections FAHEML T deque W, E1%2 list, {AFEZMAINA (append) FITH H (pop) FH E#LE
B, TR R R R A e . T R R B VRS (queue) A1 4B S 18 2535 (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 TR list BEAEDASE, pRsURBAR ML T HAB T, N bisect B, HATREEIERAE sorted list (2
Herpas) eRst:

>>> import bisect
>>> gscores = [(100, 'perl'), (200, 'tecl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort (scores, (300, 'ruby'))

EFET—H
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(L —5)
>>> scores
[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapq BIALHRAE T—SemRst, AERLIAIEH list REIEHERT (heap). S/ MERYIEH EGR IFEM EE . ¥
ﬁé‘~¢“*§§mﬁﬂzwbm%‘?, (EAAR PR A List A THE po AR ORED, Eaia -

>>> from heapqg 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 Decimal Floating-Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating-point arithmetic. Compared to the built-in
float implementation of binary floating point, the class is especially helpful for

o <l e A X A A R R T 6 ) BRI E
o HKGHERL (precision) A%,
o FEHPUE T, DA R A B R,
o SBEG RN/ N B (decimal place), BY

o G G R A AR LT TR AT AR .

WJ!ID ?nf%ﬁ 70 SES ) T-HEFER ML 5% (Ea AR e, (O ot 7 B e R, @A
AR . MR AR S AR BRI 260, WE I 2EE e E

>>> from decimal import *

>>> round(Decimal ('0.70') * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

Decimal WEAAG R @R AT, e HIRA W (A R0 B e e B B0 HE B o DU (0 28 Bk
%’%iﬁi Decimal W] DA BT TR AGAE R, DA G [ A 3 ) 052 S0 g J vk v e s e ot SO e
HA T

HERERY FRIE (1S Decimal class BEEIRUAT SN itk il 77 B SO T A BB S AR 4 AR

\

>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1")]1*10) == Decimal('1.0")

True

>> 0.1 + 0.1 + 0.1 +0.2 +0.12+0.2+0.2+0.12+ 0.2+ 0.1 ==1.0
False

decimal BLAH AT HEALES b7 L (EDRG e

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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CHAPTER 12

P RigREH

12.1 &4y

Python [ e i 5 & 2 ANTEATHE R OB A B AIASAR o 8 e A R A% 95 S R 5 WA ) e
Joi, PRI {1 P AR ] RE RS R R R B B IE, BS2 5 1 1 T R R AR o B R AR 7
[t

T8 R AN K B2 484 Python st nl DA 2 A7 BN RS 205K, AR B IR 2 A /52— R4 E 1Y
B 1.0 B, (B354 REMAEA B F52 2.0 iz, ARENE B TR 2246 1.0 52 2.0 #RErffse, DA
O R R

FRET St s — A EWR 552 (virmal environment), S 2—HBSLHTE R, [EEETEISEAT TR A
Python, PAK—ZRFIFIEARIE

AT F R P A X AT AR A [ Y [EeBdss . DARA PR @B ol b, BN A eEER EH T
WEBERE, [EH 2260 1.0 i, SRR R B R AT DA o9 A4 2.0 i EERE . 202 e i
A B LA R T AR 3.0 i, SEEA s S AR A BB

12.2 B FRBR

A2 B PR EHE BB B venv . venv I BT 4 1 Python JUA (41 ——version jEIH
Py ) o BIHANGEA] python3. 12 JUATAr M5 2% 3.12 iRA.

e U BRI A IRe 0, EARIE) e i DB A Rl e 2 4%, PALEJAR (seript) 14T venv BLUAHEIH 4+
S BRI -

[python -m venv tutorial-env }

W tutorial-env NFEFERIHE, B E L tutorial-env sk, EH W GEEmHEY —MA
Python F 535 AYETA DA B ] i SC 4B A S A el 3

[EHBERSE R 3 ORI B2« venv, SE R4 FE H € (0L EORHICHE IRIY shell T LRIFRERL, RIME bRy
2 BE ] AR RE EOR IATAE R IR A, AR s AT AT (3. EOR AR 1L SR L TR ST . env BR5G 4
WUE AR ALER

— HAREST T EREESE, R AEE .
1 Windows &% H, A :
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[tutorialfenv\Scripts\activate J

T£ Unix 8% MacOS %%, {#1H:

[source tutorial-env/bin/activate J

(12 B2 0038 ] 7 bash shell, AR E ] csh 5i £ish shell, JEHE AN activate.csh il
activate.fish [FIZ4,)

[F%) [F) e 28 5% G U2 /R Y shell $27R 7o AR EUR R IEAE B I B9 BN e 5%, (Bl LS e B 35 DU AR TE WL AT
python [IREE AT DATS-3I 47 5E 1) Python fiftAs, a0
$ 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']
>>>

s T E R, A

[deactivate }

TR #e st

123 H pip EBEHF

PRAT VAR — (Y pip MREARZE 4 . THCRIRS IR E(T. pip FBCEHE Python Package Index ZZ4E%
e ARATAZE B AR A8 E)SE 45 5T Python Package Index.

pip HIF-% M T4 “install”, “uninstall”, “freeze” %54¢. (W] PA2:% installing-index 3575, REUfS pip AY
SEREEIIE SO )

VRATPAZ I 4 52 B R4 AR e o AR R -

(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

VRULTT VA IR 40 W 2 A4 B == RIUBCIR A E e 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

FORIREBATICA S, pip @RIERBA TR, R EAE. AT DA AR [ AR SE A
RBUFFRZIRA, 802 iTPARIAT python —m pip install --upgrade AEEMTFHR B HATHIRA

(tutorial-env) $ python -m pip install —--upgrade requests
Collecting requests
Installing collected packages: requests

Found existing installation: requests 2.6.0

€ & A}

100 Chapter 12. [ERFEAEH


https://pypi.org

Python Tutorial, £(F] 3.12.4

(B —1)
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

python -m pip uninstall R =R 2 05 M4 T DA ERERE TR iR E .
python -m pip show W] DABUR— {4 E B FH &R

(tutorial-env) $ python -m 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:

python -m pip list SHUREMEEEL T IIA ORI BN

(tutorial-env) $ python -m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

python -m pip freeze N DA[FIE—# M C & ZHMEMER, HEMEM#H python -m pip
install AIRAGEBERIAE . — M0 RAVIEGEBOE 0 B2 — M requirements. txt FFES:

(tutorial-env

$ python -m pip freeze > requirements.txt
(tutorial-env) $

cat requirements.txt

numpy==1.9.2
requests==2.7.0

requirements.txt A PASRAZEIMUA ] , (F]HLAEEIRE e R iy — 340 (35 T PAIZH install
- BAEH IR BT

(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 A ELY)EE. W PAS % installing-index #5475, AHUS5EREN) pip EIASCHF. EARERE T—WEMF
(E] HAH %23 = 7 Python Package Index | [ DABUASH5E, 1 PAZ % Python packaging user guide,

12.3. [ pip BEE# 101
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cHAPTER 13

R I RBE L) 7

(TR A SO REHS ()G A (4 T) Python (1 Lk
B . A MREIER s 2 e ?

AFHUERSE Python IR —F43 o SEy SCUFEIEEAR AL SR 5
* library-index:

Wi i EEE S FE), e4ept Tk (EfER) M2 ZM a2 8E, k=X s =X EE)
PIBLAH . EEAERY) Python 4T HUA & & K = WM AR A . A SeBidH w] DA EN Unix (545, @8
HTTP shg R et [EVERLL. airfmdsseE. Baakl. K2 T, EEmE2%F
(VAT DAREAAR T M MR eSS 4H P DA

« installing-index: [EJHH SELfigE fs 2] 22 4% HoAth Python (i F 35 7 & 58 A5 4H .

« reference-index: Python ZEVE DA MFEE NI . &0 SO SR s e ez /7, (EAEE—(RzE =
A B SRR R AR A Y .

W% Python fY ¥ :
* https://www.python.org: Python [¥) 2 Ei4uG . B AL SRR SCPA A %) Python AH BEIH 1) 48 5
* https://docs.python.org: He#i5H R Python B34 .

* https://pypi.org: Python Z{42%5| (Python Package Index), 2 Hitl#%[EJfEF] Cheese Shop', [FI4& T fifi
FI#& B¢ Python B RS, [ERRAMEAREEIW . — HPAAAEEEM BAREAG, AR ] DAS BR 5%
Ve i B3 i3 [EE) HL e Hofh A 383

* https://code.activestate.com/recipes/langs/python/: Python Cookbook & —{#AH & KA G, A5
AMEHEH . BRAIBALLA A F A EA R EME AR 0 BRI S AE — A8 4 ) Python Cookbook
(O'Reilly & Associates, ISBN 0-596-00797-3.) fjE4&H,

« hups://pyvideo.org LT & LA T4 eI GrTEMKAHL Python B H %

* https://scipy.org: The Scientific Python 55 2 —{il {2 A e 2 (s 41 JE 53 B A AAlL, DA ST
EER . RS, JEERESE. BEREE. Sl g —R15NEd.

47 Python FH BH 11 S ) B [ RE M1 ¥, RSAT PASR G B BT BARFAL comp. lang. python, =€ a2
python-list@python.org (%% 25 i L (mailing list), BT AHLFN TS 25 0 B2 A8 0, PR b ot 380 G oo ) T 42
Hols B B — R . BREABO RIS, R (i) M. sl st st T .
T 2597 B AR AE https://mail.python.org/pipermail/,

! [Cheese Shop (j2#J%)J /2 Monty Python ffj—{H i : —(IEA A —SR TS, M siERe, 5eEmBPEgS.

R AR 18 B 6T Python ACREITEBU AL I B
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TEMRMGZ A, i eiERg IR e W (e FAQ) SE Ml HiEl. FAQ €r[nl# i SR Z Wiy
BRRE, ARz MEE 20RO REMEN L.

(%
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cHAPTER 14

BN\ AREE A1 s AT D& (L

A SERRA ) Python B 9 i i A E) 2 1) i 1 /R 22 R B () (history substitution), {{LI7E Korn
shell A1 GNU Bash shell i 2fig. & H2IfEE M GNU Readline s xURACE A, B S04 25 00 43 5 14 JELASS
EA AR E A CWEN S, EEERMEAEET .

14.1 Tab $ B E)5eH (Tab Completion) 1 58 s2[[)#5 8 (History Edit-
ing)

TEH R DB IR, SRR AR A B2 W RE @ HBIEVT, FrRAWT DA Tab SN H B 5E
JRRREC; B @A Python IR BRGA A FE . i sk S M2 ARAT T BEAL 44 R . BP/MEJE string. a (R
7y B (dotted expression), B #HRAR—MH ' . ZATHERAORIE, RERBORERRYFRE I,
T ABSE R RER, MR _getattr_ () method (J57K), [k i%iEH X
W0y, Bk RE G AT AR B e SR . TRt e R AR i 2 Rt B R e AR il
%%%ﬂ%g,—@%E.mﬂwmhmvxy%%%*oET—&E@E@ﬁE%ﬁ%,%%ﬁiﬁﬂ
IR PT ARG -

14.2 EENEHEXNERF=E

SLELIRCAS (Y B A L, BRI REMY BRI RE R — W BRI (B — S B A w8
RAETERF T 4 Tl S RO AR (T &% (parser) H1IH R —47 /2 75 7 S AR HEAEHT (indent token)) |
ARRSE 1o 1 B¢ B ] RE & BRI AT R . A — M o reEn A (S =) #7598, 5l
SEAHAUAT SR VCES, IR ERA

AR E BB X B Ry R, OB, FBE) IPython, & HAF Tab % H ) 5% L.
PR TR o e E A B S (. B AT ASE 2 R EURE e i A S HoAt e AR o 55— (R
WEA BB, FE] bpython.
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cHAPTER 15

Floating-Point Arithmetic: Issues and Limitations

TEFTEMEIEME T, 7 B3 (floating-point number) & DAKLSLE) 2 (Z307) /NER . GIAnE], 761
N 0. 625 T4 6/10 +2/100 + 5/1000, [EIBEAGERE, iR/ 0. 101 nJE/3E] 1/2 + 0/4 + 1/8.
TE W/ NECE AR R B, T ME— BRI IR IR R B A T R, B DA 3R

AR, KREWAEA/NEIRERTER DA 0 NFOR . —IRIGETRE, ARE AR T A0 B R
BEh EUBR R AEE RS B e i B il

e, BB EE A SRR VA /3 BB, ARAT A B E - N

(03 )
o, BRI

[0.33 }
w0, HAFRIT

[0.333 }

RIISE, A irti 2 R/ N, SRR R RS 173, (BRI 2 ARG e
R 1/3,

FIRRRTERE, A IRIBUE AL D A Bk RN, /N 0.1 R 3 O/ MO HE b 0%
FE IR/, 1/10 G — i PR R /N

[0.000l10011001100l1001100l1001100110011001100110011... ]

SEARGEFEAT A RO, ot R a8 B OUE .. 7 BAE R 2B s, 1P B OB i
BOR IR, Hoh PR SR A S oG, 53 e ER, A EHIE A ER A Fe ¥, 1E 1/10 )
B, —HER A #(F] 3602879701896397 / 2 ** 55, [MigdtEiFEns oIz, HARSE AL
A 1710 B EIE

PR BE BRI X, R 5 [EEA 5% B (E R AT UE. Python W@ B —(@ HiE LT RIE, JE
PR T AR RS Y AL DME R ELE T O . AR 2 MRS, An2it Python B €1 E]
SEREINTIE OIS, HAFORRAFTERT A 0 0.1 i —ECLEMUE, e BURE:

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

I8 H— NS R SR 2, FrRA Python A7 SR FFE R A Z A0, HEBIUR & AR BUE::
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>>> 1 / 10
0.1

—EEEUE, MERE BT ERACRRER 1710, (BEIERIFRNEIER REFRM A b, med%
RS HERE ) B

R fAFZz2AERG T &M R — M & TR O
fro3E L 4 %%, Bl W [E: # 5% 0.1 F 0.10000000000000001 Fl 0.
1000000000000000055511151231257827021181583404541015625,#FH 3602879701896397
/2 x> 55 3ble p A E AR T A R R R, AR R AR T AR USRI REAR R

eval (repr(x)) == X,

J&E 1 -, Python [j$i /5T (prompt) BAEIE ) repr () oh @i b E(EIRA d A 17 MG 20T i 8
0.10000000000000001, £ Python 3.1 fitfi%f, Python (FEXFBMIARS L) BIAEREIRIEH P AN
W A EURE 0. 1.

Note that this is in the very nature of binary floating point: this is not a bug in Python, and it is not a bug in your
code either. You'll see the same kind of thing in all languages that support your hardware’s floating-point arithmetic
(although some languages may not display the difference by default, or in all output modes).

(IR SR, PR AT REAS 2 H3 A% XAk (string formatting) [F1A: R E )47 217 8

>>> 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 MREZENS, FHIEERLD, BN —BAIE: REA EAE & A IE S SE T
a9

ERELIE TR E T M4, BRE, HE 0.1 AREIFR 1/10, HE=H 0.1 pufEM I, A EE
HEREMERY 0.3

>> 0.1 + 0.1 + 0.1 == 0.3
False

[F] 5 , 0.1 NREFFHHEITREHER) 1/10, 324 0.3 ANREFEHIRGERY 3/10, FHSEH round O i
AER A EHB):

>>> round (0.1, 1) + round(0.1, 1) + round(0.1, 1) == round(0.3, 1)
False

BESR B N G B R ASHESE, A math. isclose () PRZAT DA A LB ARG IO -

>>> math.isclose(0.1 + 0.1 + 0.1, 0.3)
True

5, ATPA round () pR AR FLHORLIG B 1T BUAA -

>>> round (math.pi, ndigits=2) == round (22 / 7, ndigits=2) }
True

Binary floating-point arithmetic holds many surprises like this. The problem with ”0.1” is explained in precise detail
below, in the "Representation Error” section. See Examples of Floating Point Problems for a pleasant summary of
how binary floating point works and the kinds of problems commonly encountered in practice. Also see The Perils
of Floating Point for a more complete account of other common surprises.

As that says near the end, “there are no easy answers.” Still, don’t be unduly wary of floating point! The errors in
Python float operations are inherited from the floating-point hardware, and on most machines are on the order of no
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more than 1 part in 2**53 per operation. That’s more than adequate for most tasks, but you do need to keep in mind
that it’s not decimal arithmetic and that every float operation can suffer a new rounding error.

SR TP B R B AAE — LE W, (AR, WA R AR A SR BUR A, U\"I“ﬁﬁﬁf‘%
AZTHIIR 73, %Bm@%ﬂf FEHARAE R . str () WHEFLAEN 220K, MR EAER ¥,
2[F formatstrings 18 str.format () method (ﬁ{f) FRS TR

ST CORTIE T AL IR B, ATDARUE ] decimal BAAHL, EMIEEARIE TS &t I8 A 2 kg
R R P A 5 3

73— SRR HEES A% E fractions B, AMCALEAA BLMOREMHES (L] ARSHER R 1R
1/3 BHHHT) o

WA P B A E N, IRIERZE — T NumPy Z4F, A SciPy SERBLRFF 2 AT HER A
Har A HA B . 55 2(E <htips:/scipy.org>,

wEFEREET, HARE a9 BE0E - float iR #E {5, Python 244t ) T. H W] 8 B i i, float.
as_integer_ratio () method W] }§—1H float fR{E FREV

>>> x = 3.14159
>>> x.as_integer_ratio ()
(3537115888337719, 1125899906842624)

IR % HE ARG HERY B R AR M P B o A (L -

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () method PA T/ (B 16) I float, —Hk AT DA%S AR B85 I T (il A A VEfEL -

>>> x.hex ()
'0x1.921£f9f01b866ep+1"

TE TG TR /N HE LR TR AT NG HE L E 2 float {7 :

>>> x == float.fromhex('0x1.921f9f01b866ep+1")
True

RN R, PR R TE S R UAR B4 Python 2 Bl AT SE i (X (. (B IR R ) . [
S S PR AN R R 2 HAh sl 5 (11[1 JAVA 1 C99) #Z[EI¥k}

FH—MA AN TERE sum () Bl FHAAE RN E T E/ RS R RO3E 2k o B B n 24T 4R R
B, BBl [kEmni (lost dlgltS)J 1a A] DARH SR ECE AR B R B (overall accuracy), (HfSRRZEARE
i B RE S 5 A AR G HE R R

>> 0.1 + 0.1 + 0.2 +40.2 +0.2 +0.2+0.17+0.2+ 0.2+ 0.1 ==1.0
False

>>> sum([0.1] * 10) == 1.0

True

math. £sum () L EEBMELE TR PR B E G TRERAE, M@m%@ﬁ*&
%’/\ﬁi;tl: s/\%n ) 18, EFEARE R E T g, FEEMEET, KREMARZHEIY, REW
AR i

>>> arr = [-0.10430216751806065, -266310978.67179024, 143401161448607.16,
c -143401161400469.7, 266262841.31058735, -0.003244936839808227]
>>> float (sum(map (Fraction, arr))) # Exact summation with single rounding

8.042173697819788e-13

>>> math. fsum(arr) # Single rounding

8.042173697819788e-13

>>> sum(arr) # Multiple roundings in extended precision

8.042178034628478e-13
>>> total = 0.0

(BT —H)
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(B —1)
>>> for x in arr:
total += x # Multiple roundings in standard precision
>>> total # Straight addition has no correct digits!

-0.0051575902860057365

15.1 RREFRZE (Representation Error)

AR e AnfErE [0.1) wpl 7, EENRE CENMEHEIIR GBI TRER T AT ISR i
(LB E O BARE R

Representation error (FR{EiR2E) zxz;f ?’fﬁﬁl‘i.qj Hie (HE LR RZH) HiEA/NEER R
HPA 3y (RE(E] 2) /NEIR . 382 Python (B Perl, C. C++. JAVA, Fortran fIHABFFZ) EHA
& BN VRIS RS UE A R

[EHEIR? 1710 NG WM DA— 18 38/ NBOR SR . 20 FAE 2000 4EPASK, % Il A
{fi i IEEE-754 % 2o B0, [E]H £T- 1A 197548 A IEEE 754 binary64 22k H (1) F%*‘Ef“ (double
precision) | 3AE[E] Python 7] float, IEEE 754 binary64 [A{E A0 27 53 M GRS RE, FrATER A K, S5 %S
JHHE 0.1 WER| B 8, PAJRSN X FR, Mg J 2 — W IEE 7 53 fociigsl. —IU\;{%

[1 / 10 ~= J / (2%*N) }
HHE:
[J ~= 2%*N / 10 }

AR J AAEHERY 53 o0 (B >= 2**52 fH < 2%%53), BrbA N By fEM{EZ 56:

>>> 2*%*52 <= 2**56 // 10 < 2**53
True

RHY, BAEJ IEEA 53 Ao, HI 56 e N ME—{H. 1 J Ff TR BE R SO B AR R T

>>> g, r = divmod (2**56, 10) ]

>>> r
6

AR EE 10 B9—2, BT DASREER 1T M i A o 45 -

>>> g+l J

7205759403792794

IrPA, AE IEEE 754 855, 1/10 Ay A e :

{7205759403792794 / 2 ** 56 ]

Ao TR RERIBR DA, &I

[3602879701896397 /2 %% 5 ]

AR, R FRATA AL, PRDGE R B 110 KT B WREMEE AL, WO EA B/ 17104
157“1%17?*.?%‘577%% #rdEay 1/10!

PreAsE RS iesRER [HE] 17100 ERBER LARRES 8, tul 2 & aEF52 Y IEEE 754 double firff:
LR :

‘>>> 0.1 * 2 ** 55 }

3602879701896397.0
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WSS % W LA 10455, AT DAFE B RZ(E LA 55 {13 Sy s -

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

L%ﬂ%ﬁr 5w Eﬁﬁ{ﬁ%ﬂﬁff/wr@mﬁ 0.1000000000000000055511151231257827021181583404541015625.,
HBLHURSEREN) T IO BUE, P25 (GU3E Python W5 IRAS ) SR A R & AR 17 (A 38

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions i decimal FALGEE LLEIEBIERS)

>>> 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"

15.1. FTRERZE (Representation Error) 111
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cHAPTER 16

Bt [

16.1 EEiER

16.1.1 SERRETE

B EE R, EEA O SR AR . A BRI, BRI R R T B
AR EREZERE, B B R 3142 PAAEZR 1R RE (nonzero exit status) iBH . (H except FHJFE try
BRIA S R B AME B R E N AR 85, ) A7 Legh s B MR R R ), SEBCETR BARE S
AERRA —E0H— St iR B S ], BT S st sl B T bl B AEMESE SR WA TR A IE &
e AR

] F R FIOCEIR R R PO A P B o0 (B2 Control-C Bf Delete ) ErH i AR 1] 5] 342
ij{;ﬁ' TER L HATHAR P A — B, €54 KeyboardInterrupt Bil4h, HATDAEM try Bk
AR EH

16.1.2 T[#1ThY Python [EJ&

7E45 BSD [ty Unix &%; b, Python [EJA T AEHAGAT, W15 shell [EA—kE, HHCE AR EAT:

[#!/usr/bin/env python3 }

(st B e B pAaTH b)) ZEEAM BBEAAE T A TR, # 1 DR AR R B P A 7 -
TERLEF-5 b, 47 PA Unix BIGERT ('\n ') 4578, MAZ Windows ("\r\n") [EfT. @HER,
JF% " HRAE Python T BIAER .

WA chmod 5 4 [EIEA R T PT84 A Ul ERK .

[$ chmod +x myscript.py ]

1E Windows R4t L, [E [IATH0] iiEE. Python 22N B . py %8 python. exe
BELEZ, Eh % Python Al g FDIEIAEST, RIMAWRAT AR oyw, TREMEELT, @HEH
BURPEH G H @ R -

! GNU Readline £ {:fj—{ F4 # ] i i 11— B
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16.1.3 EEIR[FEHIESE

EARE B Python I, AR [E1B) BB SR REA T—LEARMEHR O R AR 0 (8 . AR T AT 8 3 —
#[E] PYTHONSTARTUP WY BRI HORTE B, w8 MU~ MESEB A SMEES . ENIIFEEEL Unix
shell i) .profile,

B AR A B A R P, & Python fE[EIA iR e, WU E A S0, % /dev/tty 1E
[El5 41 I AR G (35 R R BUAHR BB o e T I B35 20 Al 4 25 ) oA T
B T /8 $6 5 import B4 {4 1T PAYE BB A R A I BR @ i o /R AT AYE B (AR e ols# sys . psl
il sys.ps2 SFHIRFIC.

IR AR T H B s B A BB AR %, AR DAYE B BRI JEAL if os.path.
isfile (' .pythonrc.py'): exec (open ('.pythonrc.py') .read () AR EMITE. 0
TARAEAE—(H [E) A i P [EEAR 2, VR ZEAE (AR o I R R3S Rl

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 EEMLEHE

Python 24t 7 Wi [E) T (hook) sEAR AT DA & & [Elfk: sitecustomize FI usercustomize . HF& E AN E/E
1), R e Bk BRI site-packages Y E . [E1E) Python [FliEf 71 B Al :

>>> import site
>>> site.getusersitepackages ()
' /home/user/.local/lib/python3.x/site-packages'

Iﬁﬁﬂi @EJW\E%ZH *@E*@@ usercustomize.py E‘J’]ﬁ%» ﬂ%@ﬁ%ﬁ"]ﬁ“fﬂ@ﬁif\ﬁ* o
B 52 Python [ARKIENY, BRIETDA —s BIEEIH) AEEH H E) import .

sitecustomize [EAE AR, (HIE 5 2 B 7B IS 19 45 B B 7E 424 site-packages H [FI N7, [EI7E usercus-
tomize Z 1 import , B Z AT HE2(E site BN M.

I3
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>>>

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

AR

2to3

o TE— WA HER RS IR . FE— BT A A E R4S (delimiter, BITNIESE. 74558, 1E3E
gk =519%) R, sURTEE— Mg (decorator) 2 1%, Tlii AR HEHE, T B2 shell
JRHYTEF Python $2/R5 TG

o Fi# Ellipsis,

— {6 Python 2.x F2 A5 EE Python 3.x FEalAY TH, & BB/ 0 A A A
TERCL I, T L A A R T i A 1 3 R A T g e 2R

2t03 FE ] AEEHE R B DA Lib2to3 gl il Bt T — (MBS A I8, 7E Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (il 3L KE])

g R EHIE (REE ABC) $#{IL T M ER N E R E, 1EEduck-typing (B TFE)) A4 7.
HAMBIR TR, B2 hasattr (), AIEASEMEUR M M GA0SEER (61406 FH ST ¥ (magic
method)) . ABC [EJfJ[EJ#E 1 subclass (FHiE]) , BMENHER 5 —1 class (JEE]) , {Hg50]
¥t isinstance () } issubclass () ¥k #2[E abe BALMERN 3044, Python A 7 £ B
ABC, HINERI G (7F collections. abe #ifl). 7 (7F numbers ). B (FF 1o i)
J import FAGERFIEALS (FE importlib.abe BifH). KA A abe B E . H O ABC.

annotation ([FJf)

— BRI class B, BRI 2 B0 R EHE AR BB O RRED . BRIEOL, e AR AE[Eoype hine (B
EHER) .

TEATERR (runtime), [ 353 00 [ RR SV A AE I, (B4Rt 0, class JBMERTR X W EfR, &5
Bl e ASAH . class FIpKEUH) __annotations_ FRFREMET .

#8522 [Elvariable annotation. function annotation. PEP 484 1 PEP 526, 1502 %A tohheERY .
R A (EVRR A A B 8y 75 5% 2 [F] annotations-howto .

argument (5[4)

WY pR 2 R BB 45 function (B{method ) W{H. 5|8CE WifE:
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o B4 7| B (keyword argument): FERFNFIY | PLERE)IT (identifier, 14 name=) BHFEMIS |3,
o2 DA ** KA dictionary (i) [EI{E R EERYS ¥ Bilun, 3 Al 5 #J2EPAR complex ()
WY F ) ) g [

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

* 12 % 3| 8K (positional argument): A ZBHH 5| BN 51#. (7E S | o AE— 85 B RAE R &
B, A (5) fEE * 2 & ierable (PJEWCIIE) TIOTCHEPER. G0, 3RS HZAT
ERCENOIVACGIE &

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

G BCE WA E Sl X M R A A e, R SERE A R AR R I, 552 calls T2, 75
Ak b, ATATE S SR AT DA AR — 5 [ Rl (B G i o A [

St s BRI parameer (Z280) W6H . & LEE D5 ERS ¥ Min2EE, L% PEP 362,

asynchronous context manager (JE[RIZB 5B BIZS)
— i AT AFE ] async with BRIAX i RSP F, MESEMEFR __aenter_ () M
__aexit__ () method (J¥%) AG=MHINY. H PEP 492 5] A

asynchronous generator (JERIBEIA:ZS)
—{l€r [A{# asynchronous generator iterator (AE[F]ZEEIEEENLES) MER . BEREKSG —(HPL async
def E KA FER (coroutine function), ERFIMEEME T vield R, ABAM—RYIAH
i async for [FIREMIME.

T M ATRE I A AR — AR P A ek X, (EAERELiEs , WT e R Fn 3k Bl 7 [E A BEX
% (asynchronous generator iterator). #—HFREN TR ENERE, MO E BN, PAREGE
o

— AR A EVE RS R A R await BRI, PAK async for fll async with PR,

asynchronous generator iterator (JE[R]2G(EIZ:2SEICES)
—{ fyasynchronous generator (FEFEVERY) RSB

& s —{Masynchronous iterator (AEFIEENLHE), B EDA __anext_ () method gIFY K, &[] {EH—
E T % R {4 (awaitable object), %A EAFAATIE A E AR R T80, HEBE N —M yield
B yield GE{E AR, ERt B0 S ke (35 M s M E iy wy PR . HaE
R ¥ EA ZBERENS P __anext_ () [BIMEM WS AR BIER, &R E LK
AT, 52 (E PEP 492 f1 PEP 525,

asynchronous iterable (25 [ [EfCHf:)
— M Y, BV PATE async for BRAA R . UWHREMW _aiter_ () method [A] & —
{®asynchronous iterator (JEFZEICEE). B PEP 492 2| A,

asynchronous iterator (JEF|2BECZS)
—MHEANE _aiter__ () Ml _anext__ () method BY¥I{f. __anext__ () WJEBE—{fawaitable
(TEEREPIE) o async for FENTAER LERAY _anext_ () method it [il # W] S5 REH1F,
HF|'E5]%t StopAsyncIteration 4. H PEP 492 5] A

attribute ()&M)
— R LI A B RO ME, RZ(E K RE 75 1 ) 40 P i 502X (dotted expression) [ 44 g 22 B . 3]
an, WP o H—HE N a, HIFZETERELA 0.0 #i2HE.

WER—E T, 6T — AR B identifiers T e 36 2 #h([E)4F (identifier) 118 14 & 4
FIRERY, BIANGEA] setattr () o 1RIEFRI B 1 M6 0 1 BE 2 B SR xR, T2 5 B
getattr () FKESE.

awaitable (W[ Z:55911)
— [ T AFE await R X P HEEH AP 4. B0 PA R — Wcoroutine (hHE) , @ — A
__await__ () method ¥, 352 ([E PEP 492,
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BDFL
Benevolent Dictator For Life (&S {-28M#3% ), X 44 Guido van Rossum, Python [ .

binary file (- JERIKEE)
— 1 BEEREBURN 8 A bytes-like objects (BN TCHERYIME) W file object (REZEMIF) . iR R A B+
A DAL (b, 'wb 8 'rb+') BIEMMEZ . sys.stdin.buffer, sys.stdout.
buffer, PAM io.BytesIO Ml gzip.GzipFile EHi.

w2 Eext file (CFEE), ER—MHAEERIRIEA str WIRERYT.

borrowed reference (i1 18)
7 Python [f) C API 1, f I 2 —RE WM IR, Hh i o EUSEAEE M2
MR, IR B, o E) 2R R F5 A (dangling pointer). 4N, — K353 ML (garbage
collection) T AFS B39 {41-1) e 15—l strong reference ([FIZHR), T4z rsHE

$borrowed reference WERY Py_INCREF () DA B HE (in-place) ¥ [EElstrong reference 245 ik 1
¥, BRAERZE AN RBTE SR — IR A 2 IR i 8E(E). Py_NewRef () Rz HT HIHA EEr— 188

Hstrong reference,

bytes-like object (JEfc4lhitk)
—1 3 4% bufferobjects H.BEEIRE ) C-contiguous SRV . BHIEHER bytes, bytearray
flarray.array P, PAKEFZ % M) nemoryview Y. FEATCAHER Y4 PT F A B8 AL
R A S SR A A . R AR R RNE I socket (FHEE) k.

UL TR A R AT . (EIIA SR A @RS L AR [ R R S A e AL R 1
AR SR (E I ) Y4 bytearray, PAK bytearray ) memoryview. i85 75 2
BRI AE AR T Y (TN Y])) s B3 bytes, PAM bytes
Y memoryview,

bytecode ({IC&HE)
Python 1) J5% 4 1 & 4 i i AL CALAS , B2 Python F2:UAE CPython BLFEES T YEBFRTE. #% (L
TCAHAS R PR pyc BT, PAESE R TR — AR R R RE s peskl (W] DA 7 S L 18
EgREN CAHME) . S [T EEES (intermediate language) | #2E) 281 THE— W virtual machine
(EWttar) b, sZEW S G AT B 3 1 O AH A% 3 HE A M #3105 (machine code), ZEERMZ, 17
TCAH RS PR a2 VAR R R Python [EHEMEAS 2 HIEAENY , R BEXE AR [RUA Y Python 2 [H] AR+

(LTS8 25 2 7] DATE dis ASTAH A [ HH SO 4R 3

callable (wW:nL#{t:)
—{H callable J& R] ARGIFERY AR 424, WU IR AT REDA R A B0 — A5 1 8 (3% Wargument) :

[callable(argumentl, argument2, argumentN) }

—A function BLEGEAH fjmethod FJ2 callable, —{HAEVE __call__ () J7¥ERY class 2 B il 2
callable,

callback ([a[if)
VIS | S5 R 1) — 18 B 2X (subroutine) R, &7 A A LA R ] B e LA 7«

class (JiE])
— P A A e AR . Class 11922 230 7 @ £ & method £ 3%, 182 method 1] DA
£ class 1B LI THAE.

class variable (HE[E/528)
—fHAE class "PREFR, HIERZLBEAE class IR (RXBINEFE class B ) wiis ok sy,

complex number ([E14%})
—HI AR EHAR ST, TR BT G 2R [ B A — W ERR 2 F. [Eldogh 2
[ElEEA (-1 PR POECERT, AR SR g (E 1, TR RE) 5. Python
[ T HEHE %, ©rARENRERIRES; FRRaE - mesn 5 sime, sl
3+175. #EHF math BEAEIR THERH M RER, F5600 cmath B4, 00 12— A5
MR EEET e . IARIEG 20 2 B e MoK, AR T AR VR T DA% 42 b Z 0 T
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context manager ([5EE5PNES)
—fE ] AFE ] with BRI RERBE:, MELEREFR __enter_ () fl _exit__ ()
method A% H ). #EZ[E PEP 343,

context variable (Ji5hE5s))
— {8, HAE T DARSE R ST SR i A e AS ] o S5 28 U T4 [ 384+ 77 [ (Thread-Local Storage)
eI, — A R AT A T R A R R R(E . AR, BEASBEEB, M T s Re e
BT, MRS EE Mg, RIEETTRYIER2T# (concurrent asynchronous task) Hi, #f
béﬁ%{ﬂj(%ﬂglﬂ ° %%% contextvars,

contiguous (JHAEIT])
R —f 4218 [ 52 C-contiguous 5% & Fortran contiguous, I’ & e Hipi i E S 480 . B4 (zero-
dimensional) {4 [ %S /2 C M Fortran contiguous ., F—#ft (one-dimensional) [#i%1| /| 4518 H W JELERD
TR RS PO A AR RO HES , TR PR P LR IERY . 7F 2 4% (multidimensional) C-contiguous [
Fr, FERC RO NE T A I R, AR — RS s b et 81, £ Fortran contiguous
Wz, ARG bk

coroutine ()
ff2 L2t (subroutine) ffg— M E ROt MRS A AL 0 It A ED 25— S 1
EGR . R AT ALE FF LS N R B IR Bl A L SR AR . EMREEIA asyne de £ BRIAZHE
HIE. HaE2([E PEP 492,

coroutine function (FErA=)
—fA ] i corourine (FhFE) PIFRIRES. — M FEENEEVA asyne def Rz, [Ev]EE
4 await., async for fll async with BT, ELpEH PEP 492 3| A,

CPython
Python F2 555 FIAEHE B /E (canonical implementation), #¢#E7i7E python.org |, [CPython | &1 #F
FHTEL R A, Al M B R B RE F R EAE, 40 Jython B IronPython,

decorator (Z:fiizZ%)
—E R, TR E S R, W E TG ewrapper #EE, B El-—E R X1 8 (] (function
transformation), SEHFESHE REME classmethod () Fl staticmethod () .

Aetian ik HUE AR . DA ek U FRAERE 3R 2 SR -

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

Class WAFAEAHIR S, (EAEAREILL O H . B e 2 1%, w2 E e 56 class
S FEMEI S

descriptor (1iiA%%)
EEFET __get_ (). __set_ () 8{ __delete__ () method [9¥{t:. H—1H class J&EE—
TEFRER R, ERERR AT G e B A SR R s . W H, (M ab KBS, st sEIRR A
JEERE, &7 a W) class FHLAP AR A RRE o 0, BIR o 2RSS, TR ER R AR
method ErgITIY . EHEIRER B E IR AFEAR Python (YRS, WEEMEHFLIhREMERE, BLL
hiEHE . method. J&VE (property). class method. [EJfE method, DA J% 3%} super class (4QHHE[E))
e

B 72 4 method YT M, 52 descriptors Bl iR #3467 .

dictionary (zilL)
— I B ¥ [ 51] (associative array), HHT 2 8 G it B . S0 DURATAAEA __hash__ () f
__eq__ () method ¥, #E Perl g FEEIAEE] (hash).,

dictionary comprehension (L4 &iEE)
—MEZEW I, HARER T E Y i s e R, [ B A R DA 52 i ]
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results = {n: n ** 2 for n in range (10)} €EFA&E—FFH, BEESTH n BITRE

n ** 2, #52I[F] comprehensions.

dictionary view (zHURGHL)
# dict.keys (). dict.values() M dict.items () F{EIYIFRREEFZHARH . S MERHE
TR IEH B A, B FR R I BB, A s L B . 2 E G A
HHE)E 8 list (52%1)), A list (dictview) . FHZ(E] dict-views.

docstring ([EIH)
—fHAE class, pRNEBLAL A, VEESE SR U B T SO . BESR T EE AT R € i 20
I GrReap R, [EOIA T class, BASRBEALI) __doc__ BEMEF. i) H il DA
H[EVE (introspection) HC[EEE , A e 2 A B I SCOA7 IO R A7

duck-typing (W f-24[E])
— MR GRS, TR AR A M BB R 2 R S A B RER A BUm AR 2
()52, method I & 1 & ¥ A b Py s . (TSR e AR ARG — G 1 HL e e fg —[E g
T, WEE—EL—EET. ) HEEG e ZE, osksra (@ eegn
(polymorphic substitution) AT () @G PE. W6 T AREI SR ] type () B isinstance () i
rlEt. (ERdvEE, M TRE DA 36 2 48 ik 285 (abstract base class) KR TE. ) SR, BiEH
GEH hasattr () Wik, SiEEAFP R EERTEM .

EAFP
Easier to ask for forgiveness than permission. (FFREXLFERA VT ER S ) BT [ Python 4l
AR Er SR A R S S VR A AE (BT % (R o o 91 T R PR 91 b o 3 el () L 1 A
HAFr O RAFAERT 210 try Fl except BRI, sZRWBFF 2 HALGES (140 C) # RWLBYL k%
TERLT ¥

expression (FHFL)
— B AR R ERAE . EWEEE), — S s, AR, B ek
Y 53 S A T R BB, T ST R R . B 2 HALRE S R, [EHETE
Python 3 FH AR 2 B X . F /MG —Lstarement (BRIAR) AREGHIEER L, FlU0 while, X
{H (assignment) # /2 FfA, MR EEE .

extension module ($% 7 Fi4i)
—fHPA C 5 C++ S B WARAL, Bl ] Python 1Y) C APT AREEAZ .U e fff 5 R U e A T H8)

f-string (f &)
PA T 5 E BRI R SR R [f 2R, B R UM R SO SR . i 2(E
PEP 498,

file object (H§R¥fk)
R T AR 2 1) (file-oriented) API (#ll read () B{ write () 45 method) MRERAEITE ¥
TR RIS g i 2, 6 BB o A 30 B B A A 28 2 LAY 1) ot A7t i
SEE (FlanEEEs A /. RS EsRE R . socket (3. E (pipe) %5) MITFEL. RV
WL REIE) 28 4% £ 1 (file-like object) BY B 37 (stream).,

HEE L, H=REEEY: RN =548 5 . Sl — B 158 SR T4 % . EMMAETE 1o
W e . B REEY R A2 open () .

file-like object (JFRSRit:)
file object (FEZEPIF) WIFFEFE.

filesystem encoding and error handler (43 2 &% i il HIEE 5 i BH PR 2X,)
PYt/lllzon R — AR S AN SR IR R R =X, AR R B AESE R AL, PASGK Unicode %t
MRS

T 22 2R 0 4 R 0 ZEU R 3 BE LN RIS o A /N 128 [ TCAL . ANSRAR R R S s i MEvA TR AL BL AR 35, 1
API {0 &5|%¢ UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () I A HIRNEL
A 8 R 0 A RIS R B i B R X

filesystem encoding and error handler (%8 22 %% & 15 A1 & 52 ) ¥ o () & ¥ Python [E) ) K
PyConfig Read () PRI KALE: #H&[F filesystem_encoding, DA PyConfig [ E
filesystem_errors,
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ek zFllocale encoding ([F I 4RHE) «

finder (=Hi7%)
—f\t, ©eEREIEFEY import PRI F K oader (BARE)

A TR ) AR R . U4 F AR B2 (meta path finder) €{Ji [ sys.meta_path, A& H F4&
% (path entry finder) € f§i ] sys.path_hooks.,

#52[F] importsystem F1 importlib DA T T £ 4.

floor division (Jn] | IU%RT:)
) N AR 2 B B B T B U BB IR . ) NIRRT / /. B, ERC 11 /7 4
R RE 2, B float (FREH) EMBIEFTEMER 2.75 A s5ER, (-11) // 4 NEERE
-3, WIEHR -2.75 giéd F M2, 2 E PEP 238,

function (R
— R B, B REE A Y 3 Al T AR EE R 5k 2 7| S, T L [T i
JR R R AR EIT. BiEsEparameter (28%). method (J578:), VDA function Zfii.

function annotation (FXEIRE)
oK 3 22 8 [ 1 — M annotation ([E1FE)

A EREE R 2 Ee = g, SMERATEY R WM int 518, Eef—@ int @
e :

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

of 2 ERE R REAE function ZEHIA FEATIARRE .
7t 2 [Elvariable annotation F1 PEP 484, ¥4 WINREM A . BREBWREERTE, Bzl

annotations-howto .,

__future__
future BiAR: from __future_ import <feature>, ®I5/R & =es(H JHATLLLE Python
PRI BE A A rp i B IV P R B 3, ARG B Bl A, T __future_ BUAHAIRE T

feature (7rfie) PIREMY(H. 73l import LA [EIS HAFBOR(E, VRAT DA S — BT D RE 2 ffIRr i
PG BILERF, AREMRS G (REK) WIERSm6E:

>>> import __ future_
>>> _ future__ .division
7Feature((2, 2, O, 'alpha', 2)/ (31 OI Or 'alpha'/ O)I 8192)

garbage collection (3% nlik)
FrSEOI R FA T B A SCRERL 0B, Python BUFFKIML I, 245 i % HUH B (reference
counting), DA K¢ —{l A& [V Ag i F1 v 7 2 BRI B2 (reference cycle) (1) 4 B B3 [ Wi 2% (cyclic garbage
collector) &5 it B3k MR W PAEF g ABE4H 38 JLat A 74 il o

generator ([E/]:3%)
—{ €r [l generator iterator (EVAEZRECER) M. EHEERGE —MHEFHEREX, EARKLE
AET yield EHN, REE—FRINMME, SLE W R for R, 8020 next () KX, HRH
R — A .

T AE TR B AR —EA g, (SRS, T ie R Rl AL SERE. #HE
TR EERERSRE , MEat i se B itral . DABESLE 5

generator iterator ([FJZ:Z$EIC2S)
—{# Hgenerator ([EVEZE) sRCHTESL P

FH yield P EaMAT, FR M Elimikeg (R R M E b1 wy Buk) . #E

3 )%%K SR, BE i Ik AT (B SE g R IRp R 0 B A 1 e U IR
i) .

generator expression ([F)2}: 2§ #55)
— (g mEE RN ERA . EERRG—EEFWERX, B M for T, & e
e TEE s, @R R 1t PR A AER X GESNE w2 E A 2 -
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>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (Z%1pfX)
1 £ 2 R A B pR X, % o X S [ 1) (BB VR [ (Y S P o] 3 % G O A
Y, B EE Y (dispatch algorithm) 2E[FIE .

a5 [Elsingle dispatch (¥—3H) #5565 H . functools.singledispatch () Hffifefl PEP
443,

generic type (Z7I[F)
B 2 WA (parameterized) fynype (RUE) s iE#E (A AC8E), B2 1ist Ml dict, &
OB [Fie = M

g2 AE 4~ RE. PEP 483, PEP 484, PEP 585 fil typing 4.

GIL
#5 2 (Flglobal interpreter lock (43 228481) .

global interpreter lock (4% 8H)
CPython B ws I AR, 1 DARE DR B OH8 U — BT 44 BESLAT Python [byrecode (fizyC#
) . FwEW AP (EFERH Y EIEAE), 1 dict) HEjHLEESETTAE (concurrent access)
WfE B, AT AT DAfE b CPython MY BCAE. 8@ e E e, SRR EA S ME L HAT4
(multi-threaded), {FAXfE 2 Gt 1 2 s LS O M AR RE IR LAY — R4 P4 71 (parallelism) .

SR, A Le PR R4, M R E M a2 =y, Bk s L AT R A ol A (B 5 145 4
(computationally intensive) [RTF5E, ATDARK: GIL., B4b, 1EMFT VO K, GIL 48 2 erihfEig.

WEEA AR (MR ATAE ] B (DAOE R BRI SUE S L R B ) 1055 BRI
U1, WERE—fiys— RSN, Meeeaprak. —BGRE, HEOIGEMAREmE, &
FRSEREIRERT 2, AT 5 A AR

hash-based pyc (ZREIZEHERT pyc)
—{E (L TCALH (bytecode) BT A7AE , & I A [EVE T AS /2 38 HE R AR AR R A B AR A B RE [, RHe E oA
Rtk . #E2(F) pyc-invalidation,

hashable (7] §E))
W E A ENE, ZEAHAEGER F RS (EFR%E MM _hash__ () method) ,
BB A EA O (ETRE— _eq__ () method), HREVE Ml =T #EW . LhE4s
SREH S Z A8 ] AEE 1, e M b ZE A AR TR A EME .

AEENE: (hashability) {fi— PRI A dictionary (F4tt) MYHERI set (Sfr) HURE, HEELE
R AR H TR A TR E .

KZ 81y Python AT S E@ Y402 T AEEY : "SR AEE (BIAN list 57 dictionary) [EVAZ; TR
AR (B0 wple (JCAHL) Fl frozenset) , JUAHEMAYICE R TEER), BMA S 420 i
Efy. AR M A€ class BYECH], HELeY F e B E ] AR ERY . & M7E A LU
AN (RAFEMERCRE), mEMREENRAE A EMY 140 .

IDLE
Python [1}] Integrated Development and Learning Environment (%4 BH 25 BB BEES ) . idle 2 —fH KA
() A A B R AR IR BT, BOR Python BT SEA TR — A2 g 11

immutable (A w[5&91))
— A HA B ER. A3y aiEss. FHA wple (Joél) . BHWIFE A REHISCER
NSRS [ A (b ZE R G A, MBS, — B . MR SR RENE Ry, i E
B, 140 dictionary (ML) i —fEGE .

import path (5] AJf%)
—EAE (SssieA B ) WFER, MARLEALEHETE import #AHKE, & @iparh based finder (FEJAHE
R A es ) BN E . 7F import [, AL E Y FEEEHH sys.path, (HERTEM
(subpackage) 1M 75 , ‘EWAIREEH A LEMNH _path_ EFit.

importing (5| A)
— (AR . —EBLAL ) Python FE=UA AT DAE M BEAR AR, ) — AR AL H 11 Python A2 CHS {5 .
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importer (5IA%})
— (A REE AR XA EBER finder (FAgAR) tRloader (BALR) WF-

interactive ( H.E)I1))
Python A7 — i B BN EFRAS , 16 F/RN IR AT DATE ELRRAS 3R 7 ool A PR AR, ST RIS
MEAER ML R . REES python, NFEALMGH (WTREFE b & VR FE IS ) 5k B st
B). aalE e EEA S IR ER Y (FERCE help(x)) .

interpreted (Pi8RY)
Python j&— M B #3E 5, M S ErE S, NtE I 54 T fE7G Lo, (HIENA (7 JC41A5 (bytecode)
SRR AETE . BN FIAE R T DA E R E AT, MO TRE R N o — AT, AR AT
B HiEa sl i eh oA AR BREE / RS, R e M A AR = A TS g . S
% Flinteractive (HEIH) .

interpreter shutdown (P73 FH)
i Python E{FB#R 9k ZKBHPANY , B arf A— BRIy B, 7 e B i i A s e & s, 11
LA AN 4% FR B SR E R 45 W . B & 2RI 3538 =) 22 (garbage collector), & BEEIB B4 FH & A
TE WA HERR X (destructor) 5555 | F A1 (weakref callback), [FRf7H A o RE 205 . 7 BH P I B b
%ﬁ?gﬁ%gﬁ;@@ﬂ%@%% , WIEE Bk A G IR TREA A TER T (8RR K112 5K X R AL
g e )

HEG I F 2R, 2 __main_ B EEPOESTHEIA T AHATIE .

iterable (WE{C#1F)
— TR AEE— Wk Il — R R . ATERAD PR 6 T (AR BT A P 7 E] (182 List, str
Ml tuple) FIRLEARFHAE, B2 dict. 4500, PARARFTERIENT class P14, HERLL

class &5 __iter_ () method B2 & {Esequence (JFH)) SEEM) __getitem__ () method, ¥
T E

A EURYI AT A for EIREIAIFF S HALTE B F ST (zip () map () ...). &M AT E4)
PHEES | o A E R iter () KB, B GERZY A RE—MEERR . HEMR R 7 et
— A (BT ik (one pass) . (HEIAS R, WHEA—EEIPN iter () s HITIEEEEIR Y
. for PR G A BHERIEFLZ L H , BRI AR G 2 S, FIREEIRE 0 R
HZEUEs . BigzElierator (EURES). sequence (JE4)) Flgenerator ([E)ERE),

iterator ([E{t2%)
—fHF R ERRA E. EEREERZRA __next_ () method (B /245 & 8 I8 45 [E] 4 oK X
next () ) K7 EEER RS TEH . EAFA ERIE, BIE5]% StopIteration fl4b. Bt
W, ZERSY g s, M E{T%H _ next_ () method [yiE—0EN], %5 H & KD %
StopIteration. [EMU#RMAZEA M __iter_ () method, ‘B &M EEIRIMIEA T, BrAGEHHE
EMRCE AR T EU 2, ELT AR K 22 o F HA T B R 435 & . —RIREEI BI41, =8
#t Z i [EfC (multiple iteration passes) (ARG . — &AM (122 1ist) ERFRREEEELS
iter () MABALE for EBHMEHERE, #HEEE —MamnEes. HERSERLE (2R
ﬁ%ﬁﬁ%%ﬂﬁ [l e p— s [E PR Ay . [ e FrES s, ARG —
B 25 [ 254 o

TE typeiter SCHA] DAFR B 22 B
CPython E{fi:4f{i: CPython EI N R A% —H# rigsds [EDRIAEFE __iter_ () BEMM

2

JE o

key function (Z=X)
R U7 R 2 (collation function) & —{f A Y (callable) pRx, ‘& & [mlfE—f FIiAHEF (sorting)
%g}éf? (ordering) FfE. BN, locale.strxfrm () #HAEA:—{8 1T fifk Wt i HE 18 5 A9 HE
T,

Python PiiF2 T H., #RH3Z DASE ek A il e 2 e e el 2 L 7 30 B T3S min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () »

A #IE T AT — R . B, str.lower () method AJ RAYEIEIR 43K/ INES HEFF 11 68 bR
Ao B, — R BT AR 1ambda HAAGO#E, HIH lambda r: (r([0], rl2]). 74t
operator.attrgetter (). operator.itemgetter () il operator.methodcaller ()

=l R 2 F A R X (constructor) . [ T AT 57 A0 P SRR SR SE 81, i 2 E a4 o
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keyword argument (2525 185%)
52 (Flargument (5]35).

lambda
i B —expression (GEE ) 4 — B 4 1TEIK X (inline function), A 3% b8 =04 P 0y sk (A .

#£37 lambda X HFEVE 2 lambda [parameters]: expression

LBYL
Look before you leap. (= RAMIA%AT. ) 5& M Al EUS G 7E A TP sl A bk 2 w7, WA RSB
Pt EHEEWEEEAFP T2 N, HENFOREARE 1£ BUAMIEAE.

TE— M WiTaEEEEE T, LBYL FaUA7E [ =18 Ml [#47] Z 51 AT #EWE: (race condition) f
JEBE . FIINPA T AESCHE if key in mapping: return mappinglkey], WSS — @ iT457E
WA Z AR EAEEIRZ B, 4 mapping PREFRT key, HIazAR=UAGHL € K%L S T T D P 4 (lock)
o i | EAFP il =R lE]

list (Hi%1)
— 1 Python [El@ {#sequence  (J751) . BB 4 T2 list, BHEERURIHALREF oy — 18 )
(array) M AR —(H #4551 (linked list), ﬁﬂlﬁ%‘?ﬂﬁ IRF I EAE L2 O(1).

list comprehension (5 5|45 & 355
— e 1 AR M 3 8 ) AR A e R [ R PR A SR DA — 1 List (R AG f ZE ) ¥ . result =
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &[F4&—{HFE list,
H g 0 %) 255 #EE, Fra g oM # (0x.). if ?@%i%f%@%o weRANE, H
range (256) HHIFTAITCEA S HEIL

loader (FEAZY)
— (B ER AL . T EEFR M 4E 1oad_module () [ method (J5%5). i AZLEE
Bt finder (FA452%) FE., WE2HAHH2E PEP 302, Egjﬁl\abxna(lbase class (fhaREHEE), #

%[F] importlib.abc.Loader,

locale encoding ([ 38 Zi5)
£ Unix [, ‘B2 LC_CTYPE B EmM 5. B PLH locale.setlocale(locale.
LC_CTYPE, new_locale) K#HE-

7F Windows |, ‘22 ANSI U E (code page, @l "cpl1252").,
7E Android 1 VxWorks |-, Python ffi ffj "ut £—8" {E[F] &8 4% .
locale.getencoding () HJ DA ACHUAS i tak i -

WA filesystem encoding and error handler

magic method (BT #71%)
special method (FRkITE:) B —1EIEER R .

mapping ()
— AR YA, BB RN AR, HAEE {E abstract base classes (i ¢ &R H(E)
collections.abc.Mapping B collections.abc.MutableMapping FT$5E R method, i
BilfdFE dict .collections.defaultdict.collections.OrderedDict filcollections.
Counter,

meta path finder (JCEETE3HEZS)
— LR sys.meta_path [ [E[{# [ finder (FFAGHR) . TCHERFAGARILILIC A B S48 2% (path
entry finder) M BEZARR

BTN TEIE R A EY EAE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JCHE])
— & class 1Y class. Class & FEimFE & & 57— class 44 . —1H class dictionary (FHL), DAK—1#
base class (JEJEHAE]) (1513, Metaclass B35 #3738 =05 |8, [ 3% class. KUY (F8 )
PR S Gt R EEE . Python FYRRE)Z BE7F A e BEEIE 7. H %11 metaclass, JCH 41
AHERAFEWTH, (HREF N, metaclass 1] ABRBLEIR BRI ME 2. BMEs AR
EF AR BT s att. BEYEES . EERFIR (singleton), PAK L2 HABKITE .

T £ %3 A DATE metaclasses 2 1R 5
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method (Jji%)
—H7E class A BSEIWE & Zm ek, WIS method VEEIH: class B 91— 8 B E g hEny , HI'E e i
FZE A RE RS —fargument (518%) (M5B #HEREE) self)., 52 function (FKRR)
Flnested scope (FIRAE L) .

method resolution order (Jj 7 M IE)T)
T5 YEFRATIE R A2 R S A AR, base class (JEJECHHE]) 48 S A)EF . BIH Python H
2.3 i E RS T RS EE AN, 752 (E python_2.3_mro.,

module (Ki%H)
—fE 4T Python F2=X 1% 2H 4% B0 (organizational unit) fy¥ 4. BIHA —MHdr 4 250, BEASIER
K Python #J14:. HEAHJEFE Himporiing W)L, ##E A 2 Python,
iz Epackage (£14).

module spec (L4 LK% )
—E s, BaE R ALK import #] B & il B J2& importlib.machinery.
ModuleSpec —{EEH .

MRO
it 2(Elmethod resolution order (7RI ) o

mutable (n]5EH1k)
AT A E MTAOME, HAERFEMA 14 () o A2 Eimmutable (RSP )

named tuple (Fff#7c4)
i [named tuple (P45 7041) | /2FH1E tuple #K T RIEIK class, FLEAYTIZR5] (indexable) JC
FA0 AT DA P42 S 1 AR . 15 S AR class R DAL A Hith Al 4k

A E)E A ()2 named tuple, f35H time.localtime () il os.stat () BERE. B—HFEHAT

& sys.float_info:

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

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

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

True

A 4% named tuple 2 FIEME (0 EF) . 8, —1F named tuple 7] PAGE — 10 IEHLH class E
FokE s, HEK class Z#K H tuple, HEsE TINA A (named field) RIA] . 358119 class 7]
PAF LHE. "PA/KH typing.NamedTuple K7, A7 DA T WK = (factory function)
collections.namedtuple () RZE.. BEFAHEIEIN T —L4E /M) method, 35 LY method A
b2 e F 57 sk [F) 1Y) named tuple W1, SEVEIRET

namespace (i #23H)
SHBE R . 4 25 RZ DA dictionary (SFHL) BEEEME. A s . Atk K a4 25
MAEY T (FF method H) WA HURAG 44 25 W] v 4% 25 IS B 1k a2 18, SRk . B
fn, PR3 builtins.open fll os.open () s&Zi B M I 4 25 MR E 8. A4 25 s
Al R 1 40 2 TR R AR A A BV — M pR X, ARG ] e M T 4P . N, %5 random. seed ()
B itertools.islice () BHHEHIZFE R, BHEAHMEEH random fl itertools BAHIEEAE.

namespace package (@i % 23WEM)
—{ifl PEP 420 package (£) , B HAEIEE &4 (subpackage) i —1H 285, v 45 25 & {4 ] g
EA ERn R, mHEEKRE M A E—Mregular package (IEFEL) , RNEEMEBES

__init_ .py BfffEE.
FtzElmodule (F4) .

nested scope ( Lk {1 HI)
AE(E]22 I8 /M 7 3§ (enclosing definition) FF [RS8 AE Ty BEBIARIE], — {0 R =S AN SR 27 5 — M pR X
e, BIEMREEs WANgm0h s, Fe, AFEEEETS, SR b2
W, T R ks e e B (i Ik P R S B IR, A MU A Ak 44
2 EEUE A . nonlocal AFFESNEEREIE TR A
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new-style class (#1%i[E])
—EE %, ERIEBIENTAN class YEIT A 1) class a6 1Y Python fitAsr, HATHi
class 7 e i Python U . ZEPIRE, 1402 __slots__. §iA#F (descriptor). J& {4 (property).
__getattribute__ (). class method (FHEIJ %) Hi static method ([EIBEFTY:) .

object (¥1})
HARE (BrHESE) Ko RmriE (method) MEMTEER. &R TMnew-siyle class (FixHH
[F]) B4 base class (FRHE).

package (£if})
—{[ Python [{module (F541), BRI DAL E T4 (submodule) B¢ 2B EN1 T2/ (subpackage), I
W EmE, EFERA __path_ YR8 Python I .

Wk Elregular package (TFFEME) Fnamespace package (64423 MEAE) .

parameter (Z#)
AE function (PA=) B method 7 3§ P 1) —fH iy 24 B #E (named entity), &4 B 3% bR 2\ BEE 32 32 19—
Margument (51#0), SAEFLEE R 2M5 8. S5 H FRER RS 8EA
« positional-or-keyword (Ri BB BB : 5T (HTT A% 06 2 5 R AETE A 48 5 7] S0 PUE )
1. ERSEMTERER, GIMPAITIR foo 1 bar:

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

* positional-only ({EFROZE) : H5 I —ME L REH& BROL BAR AL T | . EpRE S 28 &£
W /50, nT DAERZ P OCHT T E SR E RO 2 8, HIANLAR ) posonlyl 11 posonly2:

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

o keyword-only (JEFREAHT) : FEHH—1H H AE AR S PR iRt a5 8. AR ERM 2 I %
o, AL S (AT R R E 2 8 (var-positional parameter) B ALY * ST, #UA] DATEHAR T
EFMERREE T2, BIINPA T kw_onlyl Rl kw_only2:

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

* var-positional (fEREMEIE) : 45U —HBELMERF PSR BLi 7 o | . (TEC B 2 8,
HEZEOIET | MZ AN . BRSO ERIE 2 WA E L~ AGEFRR, Bl

args:

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

* var-keyword ({EZ8R BT ) FEATTHHRALE S BOE TS 3 (FEC g3 HE 2
WU ESEEE B A1) o BB USSR LSBT H N~ REFRM, Bl 1w
B HYy kwargs.
LT DATE IS | SO SR MR B TR 1, ] DA — L3884 v () 5 | G i TR A
7 w5 2 BN RE R Nargument (513%) H. & REEFRGIHM2 82 B 2E. inspect.
Parameter class, function 2, VAN PEP 362,
path entry (J&#$5H)
fEimport path (5| ABEAE) HH—ENOLE, Wipath based finder (BB FGE) TS HZOE
HREFARZEL import FELAH
path entry finder (PX4%IHH =6i7%)

¥ sys.path_hooks H— ] FERY 444 (callable) (& B)—1Wpath entry hook) fit [a] {8 ff]—F finder
BRGE QMR PA— A path entry g (i H .

BT IR AR TE H A 2SS EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,

path entry hook (&% H([E))
1E sys.path_hooks F|FH)—{H AT AL A {f: (callable), #5 & HITE QA 7E— B FE 2 Bpath entry H
FIB, B G B {Epath entry finder (FEEEIAH FAGAY) -
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path based finder (JLRERFERI=H57s)

THBRIY 7UIAAE 54 5 (meta path finder) Z —, "B &AE—{®import path W38 A4 .

path-like object (%% £:¥1l:)

PEP

—EFIRERE R BB BT DU — M RN B R str 3 bytes P, 52—
B/F os.PathLike WEWIWM. HEFEIY os. fspath () KA, —f%X4E os.PathLike W&
] Ak (EFIE str 8 bytes R RASIKER; 1M os.fsdecode () M os.fsencode () Hl
SYETRT iR ERR str J bytes &R, H PEP 519 5] A

Python Enhancement Proposal (Python M4[El#%¢). PEP J&—3 & wHEIM Seff, ‘& fEE) Python - REHE
LR, U IR Python ) — 8 H7 2 REB % TN RERRE P ARG . PEP JE 3% B AL £l 2R 1 1 4
DA 2 T RE A S

PEP [WAEAE H 1Y), REBEIE I DI ae A4 5. A b B A 5 R R 2 RIE, ARE A
Python [t EISRAYFEED, 35 Sem PRy 32 2 . PEP (/8 2 Bt fept i B g v sk (F e [ S 3
R

#2[F PEP 1,

portion (334))

FEE— HEIh i — AR (T RERR (T AE— (M zip AR ), 5 LUAR SR AR — M Ay &4 M E {F (namespace
package)  TEK, HNfE PEP 420 FFE SR

positional argument ({3 ¥4 5|4

52 (Flargument (5]3%).

provisional API (¥47 API)

WA APLZ 4, e o 2 HE Y i 42 M1 281 (backwards compatibility) SR H, R HHERR Y APL.
SESR MBI, RS e MR EE TR, B EER e R, HAURE LR B
Ef %, WrReeh B EAMANEEE (LB ORI . 5% EA g M E A
— U APLYENAZ BIR LR B AN GG sl g vy, B A e

RIS AT APL, [a]4% A28 0 5 Tt e gl B E) [ SeA2 MRE) )y 28 | — ST (] ol 3% B g 1 1
P8R T ] BEFR H — M0 ) AR A R E ) 52 .

T {1 20 A (5 A5 A v o X B R R ) S A, Tl SRR A TR ) 2o B A B ) R s T B R
#2(F PEP 411 TfRE Z 408 .

provisional package (J11£:1k)

st [Flprovisional API (%47 API),

Python 3000

Pythorj3.x FHIARERE (RACARTAIERY, HREES 3 BT R AE IR AR 2. ) WAl AR5 ()
[Py3k ],

Pythonic (Python Jil#41)

—fEARIA BB UR, B T Python R e AR, A2 (i FL bt 7 A
AELVERESCAS. flln, Python i Sy —REE M, 2MH MM for MR, #—MEnERY
TR T e TER . FF 2 HALRE S DEA SN2, FT AR Python ) A H I & i
B E R B AR -

{

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

M2, PAR AR R . 3 A4 Python Jalf :

|

for piece in food:
print (piece)

qualified name (P} 9z #45%)

—{iil [EYrFEAAE], B BURR R e S AR AL P 2 381 class. (Bl method (1)
[EEAE ], 4N PEP 3155 W@ 3. B TEJE i sk UM class 15, BRE 4% RS ) (8 &4 AR ] -
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p
>>> class C:

class D:
def meth (self):
pass

>>> C.__qualname_

IC’

>>> C.D.__gualname_
IC.DI

>>> C.D.meth.__ _qualname_
'C.D.meth'

IS BN, % 2 T2 4 % (fully qualified name) S ML 5 A6 BE SRR , 03 AR AT
MAZEM, Bl email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count (ZW8)

AP S BRI 2 BRI %228, © @ #IRALE (deallocated). A
se R TR (immortal) ] [EIHEA A S92 ek, R IGE RS THGEE. 28
F1HGHE FAE Python 2B AR E|, (HEELZCPython FAER—MBA#CE . ksl DAREY
getrefcount () PRER[EME -8R E W0 2 MG

regular package (IFBIEMt)
—fREG I package (£4F), Fla—ME& _init_ .py R HEIEL

ek Elnamespace package (423 EELE) .

__slots__

e class [FBHG— (0 07, R i TSER0 A SOV EEN 2 1, DA IMIREEHY dictionary (L) , 26
A VDA SRR A, (LA M DATE R T, 5 (558 40 SRR — v K
(memory-critical) FHE FEE 4 K BB B 5 SLARTED.

sequence (J3:41])

—{literable (RIEMRBIE), ‘BB __getitem () special method (45K 753%), i FEHRT KL
BESRE TR, BEFRT—M __len__ () method & [1E %75 E B . —Le[F)7 51 2 [E)
fa#f list, str, tuple filbytes. igiEE, MR dict U3 __getitem__ () fl_len__ (),
{HE Bl [E3 R (mapping) T2 P51, FEHA 07 0 i AT B immutable 88, A

4 2 H(E] (abstract base class) collections. abe. Sequence E38 7 — 0 & & A 1HE ,
AEIRR _ getitem_ () M1 __len_ (), EMM T count (). index (). _ _contains__ ()
Ml __reversed_ (). EEMERAHEAYEE], WA register () #MHMEMEIE. =R
FEAN TR SO, W P A A

set comprehension (&4 4iE)

— RS YR, R BE— 8 v [EC ) 1 G ARG e K, (B 0 P AL SR DA — 1 set
[A[f#, results = {c for c in 'abracadabra' if c not in 'abc'} &[EE—{fFE
set: {'r', 'd'}, #52I[E] comprehensions.

single dispatch ( ¥i.—3qps)
generic funcion (JZZIpR) FHER—MEIER, FELL, BVERSEIER BN B —5 |3 ZU(E,

slice (V))i")

—fEYIE, Bl —Bsequence (JPA) S8R5 B —BUI R 2 AT 5% (sub-
script notation) [1, #FE44H S MET, HfE#EFE 2 MM A E S, Flil variable_name[1:3:5].
EREE (D) FF9ERERR, &fH slice Wift.

special method (55 Jji:)

—fE gl Python [ ByIFNL (¥ method, JHiA ¥ HAE BRI T HAGER, QM. SHE method ()44
REEr e BBEAN 45 2 A W E FSE). Special method FE specialnames H 45 2L 4HEIHH .
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statement ([iiA=)
BRAAE—MEMH (suite, —AFEMG TEBR]) HIg—FB5r. B AT AZ —Bexpression (FEH
X)), WESHEETE (Bl if. while 5§ for) MIZM&ERY —.

static type checker ([FIfEMI[ERir73)
fristie Python FSCHSEVSHTHOSNIT S, ARkt R, (QROEN TR M RE. 5 2B
[Eli2 7 (type hints) DA S typing HAH.

strong reference ([F/2Ii)
e Python [ C APL Ht, [E|2 FUZ B S IR, W ERA %2 MR s . g s m
58I Py_INCREF () AEEE2 K. [E%2 KIES# Py_DECREF () BB M.

Py_NewRef () pRaCA] N ES, — S EI2 IR, @w, 76E B EI2 EAE Rz b, WELE
#ZE2 M8 N py DECREF () X, DABEGENR—H2 M.

Wt Elborrowed reference ({2 ).

text encoding (3% )
Python 155 2 —1{i Unicode A%} (code point) )74 (#iEFF U+0000 -- U+10FFFF Z i) . #F
B R — T, AT SR E A oA A

15—l 7 5B FE SR B e AL 51, ARIE) [4mfs ), 1 4E 7 Jo A e ) B o7 v - e R ARIED [ s
(decoding) |,

A ZTEA ST L ARG ES (codecs), EAMBATREE [ 307G .

text file (SCFEREZR)
— A RBEEII 5 A st YEI—1 file object (REZRWIME) . BH, UFRHBEE L 2AFIUTH
i) 1R &R (byte-oriented datastream) [E)€r [ B jE Hrext encoding (SCFERAE) o SUFRERPI T4 -
PAISCEREE (e 8 'w') BHEARZE. sys.stdin, sys.stdout PAM io.StringIo IHEH.

Bk Ebinary file (ZHEMNER), TR —HELBEBRNE A8l T4 &1 (bytes-like object) FIE
ES7/ LN

triple-quoted string (= 5|5E[EIH)
ARS8 ) S5 O WEELRS R — 78 MR e MEEA FL AR 5 | 55 a8 T A
HANNRE, EERHZEN, B2 EA K. MR ATE 75 T A8 K BEE (unescaped)
RS SRR EE S 195, 1 B e AN TS 7 A H 4 I (continuation character) 5P AFSZ AT, BT
A S 5 (B - e R A A

type (%[F])
—ffl Python ¥ {4 B EIEE T & 2 ERER AW M@ EERE —ERE. @ik aEnT
PAHER __class__ BHAATHL, B(LA type (obj) HAHER.
type alias (FU[EIEI%)
—(EBIEI 365, ERAGBENE 44— ER(E)FF (identifier) S
HFIEIL # A 2 [EUR = (type hint) R4 F . Bil4n:

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

FTPARIGE R, SR AR

Color = tuple[int, int, int]

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

i 2[F typing fil PEP 484, 7 ILIIRERHIIR

type hint (%I[EHE75)
—MHannotation ([ERE), ‘BH§E M8, —H class J& ok — 1 ok 2y 2 8ok BHEE ) T AUE.,
BIEH RSB PER, WA 28 Python [EIHIRY, (HEMBHEIRE 2 [El & % (sadic type checkers) fRA
A, [E)gelH B IDE 58 254 42 (completion) FIEE# (refactoring).
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4 s M. class B ME ORI X OF & Ik s 8 BB R, A8 LM A typing.
get_type_hints () RIEHL
#H2[F typing F1 PEP 484, 45 W REMIHA .

universal newlines (i J]Ef75270)
— T A SCF I (text stream) B9 720, € DA R A O ERREE—F7 89 45 5K Unix 17 R 1E B
"\n'. Windows {&f '\r\n' FI#¥) Macintosh {5 '\r'. 72 PEP 278 Fl PEP 3116, DAK
JA bytes.splitlines () HYMIIMAHZ.

variable annotation (%%3}[F1FE)
—A{[E 5 BB class JB P annotation ([E1F).

[ Bl class FEVERE, MR(E2 SRV

class C:
field: 'annotation'
S IR B [ (nype hint): I, SE MRS MBUM @IS ine (i) 1
[count: int = 0 J

5 W EIRR I REVATE annassign B2 6 A FEAR I R .

i 2 [Elfunciion annotation (#i=(E/E). PEP 484 #I PEP 526, ¥ iLahfenofiid. BIREREN R
B, 752[E annotations-howto.,

virtual environment ([FJHEERES)
— il {4 VEFR B (cooperatively isolated) (R THIHE, HERE Python [ {5 I 35 A I F2 A5 AR THA)
Python Z(EIE}:, 1A € 36 [H M 2 4% _LE AT HoAth Python I AE AT BRI A T8

Wtz venv,

virtual machine ([EJJHEZS)
— e 4 RS T E 26 EE S (computer). Python [ [EEMERS €811 T Hi byrecode (1LTCHLIG) Hadas
I B TOAHA .

Zen of Python (Python Z[F])
Python 51 HI| BT BLA 51 3, HLFIZA B FRARFN 6 F ILRR = o BLs R nT DA e B 4R
JUEEIA [import this| AR4KF|IE.
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (— & (E) Python [EIW]SCHF IR RS O SCPRIERERR ) 4B reStructured Text 45
TR R AR R i

Wil Python B B, ik H 1155 1 T EI SCARBLE AR BB BAT TR, AR ERI AR, #5572
reporting-bugs FUTHT, [ AH BRIl FAM i BBy B B A

et
e Fred L. Drake, Jr., Jflf Python SCPF T HAERYAITE # DA K — KM EIERIVES
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

% NFR I Python 13 M35 . Python 4223 p% 2 )& A1 Python [FIH] (4 B kil . Python B (E) R 4G i h
TAT M ERE R, # 7 Misc/ACKS .

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

i E IR

C.1 &icio

Python 2 1 7 B S22 0 5 AR R 2T 97 B (CWI, R https://www.cwinl/) [ Guido van Rossum & 1990
ERFHETAE, B 2/EE—EEE ABC SEE1E4E . [F)%8 Python 08 T &£ 3K B Hifth A EER,
Guido {32 H FEAEH .

1995 4E, Guido {r4E JE 5i M 25 WriE i B KA B iF 9T A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
fliAE Python fit) T4, EWEAREIEFE 7%l iy 2 AR A .

2000 4£ 7. H, Guido F1 Python #%.0» B % [#] ) 2% 2| BeOpen.com [E])i{,37. T BeOpen PythonLabs [# [ . [
4+ H , PythonLabs [ P53 Digital Creations (¥i[E] Zope Corporation; & https://www.zope.org/). 2001
4E, Python ##43L4-6r (PSF, K https://www.python.org/psf/) 37, g —{HEEHEA Python FHE %2
EHEIRENT A7 1) IR R 44K . Zope Corporation J& PSF f)—H & & &

Jir A7 B Python JRAKSZBHIRAY (A BB EFE, 2(E hups//opensource.org/) . M b, KEH{HAE4
By Python JAS, o2 GPLAHZAH; DAR FARAE 4 25 M A 1 22 [E.

BMRE BB Fn wEE GPL &% 7

09.0%F 12 A 1991-1995 CWI =
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com 75
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF w
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.12 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 7=
22 PAE 2.1.1 2001 £4 PSF 2

fi(E]

GPL 2 EIRFR FA" @1 GPL T #(E] Python. A GPL, [ 1) Python FZHEAS T DA AR [EME it
BIRUAS, AR —E B 5 5 IR . GPL AHZR W #2HE(E45 Python 7] DA% & HAt#E GPL 4%
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IR (I AT )

IR Z I AMRE T, £ Guido F8E NIUATH, FfHE Le A i B [ER(E AT A

C.2 FARFIMHLHEMIGIER Python MEHIIER

Python #CHFIEII SR IHE 2 LR PSF 424 &4

% Python 3.8.6 B4R, [EIMASCH: P &ifl, R BN HALRE A, 2908 FEIZHE (dual licensed) 7 PSF #%
WEEr #1VA M Zero-Clause BSD 334 .

AN Python L EET R RO BAE . TS RS LA R A — B . BRE LY
FHER R SRS B, 2RO EI 9 0y 348 S 200

C.2.1 ¥ PYTHON 3.12.4 §Y PSF %&£

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

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

3.12.4 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.12.4 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 3.12.4 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 3.12.4 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
3.12.4.

4. PSF is making Python 3.12.4 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 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, 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. 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, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ) BEOPEN.COM B &#

BEOPEN PYTHON BHiEIZHES #1561 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.
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
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trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 ¥ PYTHON 1.6.1 g5 CNRI iR &#

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
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this License Agreement shall be deemed to create any relationship of agency,

partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 & 1.2 gy CWI i1R{EEH

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

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

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

C.2.5 FAj® PYTHON 3.12.4 [FEA3 {4[F #2589 ZERO-CLAUSE BSD %1%

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

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

C.3 #uyrIekRany 1248 M B

AR A T B AR AU I Y PSR S B, P52 AE Python SEEIUAS B [Eiy 25 =T ik .

C.3. #ugFIakienyIR{E BB
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C.3.1 Mersenne Twister

random B JIE N _random C #E 72 T LA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html [ FEEIZREEBEMREATS . PAN 2R S se s

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

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

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

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

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

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

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

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

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

C.3.2 Sockets

socket BT getaddrinfo () fil getnameinfo () K=, EM¥E WIDE 8% (https:/www.wide.
ad.jp/) B, JAARTE M JE BAAE 2 vh ol 4 5 -

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

BHET—H
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notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

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

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

C.3.3 FEFE ¥ socket fRIE

test.support.asynchat fl test.support.asyncore FA AP :

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.

C.3.4 Cookie &1

http.cookies MIgH A& DA :

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

(BFET—H
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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.

(R L —5)

C.3.5 #{TIE

trace B & 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.

C.3.6 UUencode Bl UUdecode Fz

uu AAL 5 DA

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.

(BFET—H
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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 ZEimf2E /ey

xmlrpc.client PEAHALE DA R :

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

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

C.3.8 test_epoll

test.test_epoll B & PANEHN:

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
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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 HRAIEY kqueue FTal i & DA W :

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.10 SipHash24

Python/pyhash.c %% Marek Majkowski’ %L i® Dan Bernstein f{) SipHash24 2 VERIEIE. B
DA R -

<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

(HEBT—TD
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all copies or substantial portions of the Software.
</MIT License>

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

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

C.3.11 strtod H dtoa

Python/dtoa.c R T C Y dtoa Fl strtod B, A C FBERS R 7 B0 7 £ AR s 2
ZAit4E B David M. Gay 57 H [RGB AE 25, 153 BAE T AR https://web.archive.org/web/20220517033456/http:
/Iwww .netlib.org/fp/dtoa.c N, #2009 4E 3 H 16 H kR 1R G600 8 DA IR REBEL 2 REAZE H -

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

The author of this software is David M. Gay.

* % o

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

* % o

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

E O

E I

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

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

C.3.12 OpenSSL

A2 OpenSSL pRsCR YEAE3E R BLMA], Ml hashlib, posix. ssl. crypt BLALE M EAIRETIL
fiE. BLAP, Windows FI macOS FJ Python 2242 ] B 115 OpenSSL pRzUEHAIEIA, Ay AR BAE
HEHR(E] OpenSSL #ZHEMIRIA . 17 OpenSSL 3.0 AR DA K F AT AR 1Ay SE KT ARCAS HIUSE Y Apache AT 38 v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,

(BT —H)
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use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

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

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

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

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

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

END OF TERMS AND CONDITIONS

C.3.13 expat

PrAFTE E pyexpat IR EE -—with-system—expat, IR G — AL expat UGS
AR R AR 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.

(BT —1D
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THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT .
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEfERE _ctypes BIAUR T _ctypes AN MEREE --with-system-1ibffi, FHRGZIERE
S Tibff 5 R i 1 AR 2 -

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

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

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

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

C.3.15 zlib

TARAE ZR 55 EARFN Y 2ib BUAS KRS AR vk R B 2 1ib 5, HURZIR S & - ME) Y 2lib JR RS
R R AR 2

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.

EET—3
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3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {#H1Y4EEIFE (hash table) EAE, DA cfuhash BLZE([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

C.3.17 libmpdec

ARE#E decimal BAUK T _decimal C K EE ——with-system-libmpdec, 7HHI#%
R4H & 1 —(H(E) 25 libmpdec §7 X5 1) Bl 4 6 2 5 -

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.

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

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

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

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

C.3.18 W3C C14N H|:XEH

test XA CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #fu} https:
/lwww.w3.org/TR/xml-c14n2-testcases/ #ehgZL, HIZHR 3-clause BSD 7 HER: #5(E:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 Audioop

audioop LA H ] SoX FEH) ¢771.c fEEFHIFEZAE . https://sourceforge.net/projects/sox/files/sox/12.17.7/
sox-12.17.7 tar.gz

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

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

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

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

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

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

C.3.20 asyncio

asyncio B HMEIAZE uvloop 0.16 HffEl@ 2R, HELHA MIT $ZREZEE(E:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
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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APPENDIX D
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|mit
If

Python 13z 3 [EJHA SCH4- 04 IURE :

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

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

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