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Python J&—7#E 5 £, IIREEIRIARAHE T . TA mARER S I ORISR, A S vk B
Py Rkt . Python EFEIRRAMEI AT, &5a HERRE, (e RDEZ ERMAL #or2
b BRI B 5 AR BEAR R

M AT DA B i HA 2 e Python BAE L (hitps:/www.python.org/) BUS45 K15 _E I Python Ewdr Al
R A, TR A S I BT, [, AT DA B i (E). 34, Python BB LR
WETRFZ A d BB % =5 Python S, RS TH . PAREESNEWISCH:, A BUERIMEM#E, WEH
AL HREI R BH B4 T IO B G A L

] C 8 C++ (BH AT C P AEARE S ) , W DAMRA ST Python B RaREIH ) BE ek =X X B R
R[E]. [A)IRE, ST R B ETh e e AR CR(E], Python 3 & fE )48 72 F LI 55 5 (extension

language) .

T RN 5 Python 3 7 B R SE i EEAME S K Thag. BT ERLZ 4h. FEBRH Python E{Ras sy F B
B, AT B AR . HR U, R Ty s X, WIERTA O EA S s or ok

PR T fE Python AEUEY A FBLAL A, 752 [F) library-index., FF reference-index H, {47 AZLF] Python
SEEHE IR ER. BT C 8 C++ S} (extensions) 3%, #5(E)i# extending-index F c-api-index
o AR, T _EAAEFRE] E IR A Python £,

EhEEt, RMAGNHHE—EIRE, 2, WATENHEE —ME . Janfz, RMWE
DA TBAES Y44 Python Hpige (HAS— 4R AIRLE T BE, B BIAR T % Python 55 5 HYRr (L BLERS . MR, IR
H97G fE ) [EIE AN 5] Python ASTAH BHAE L, ATt — 25 82 library-index 145457 () Python pR = JRifsi4H
PAITEE A4

#rE R HIHBEA AR
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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.

MR TRBSE T B a2, K] AR Ml C/C+/Tava FEAU R, [P S RRCAG . A%, W
il PRI AR . A REIRIEE) T AR gy — B R, (R B W 2k dAw
REVRIEFE B8 — M RE LT s F e, AEAHEE TR DRt — i i eih = .

1E_ R BIFH, Python IE 2R AEIFES

W AR AT DAE) T 546475 177 %5 Unix shell (285 % Windows 1t UCHE AR, {H. shell [E1A #1825 i P )
TR SCE S, AR E AR e E s . AR aT DAL ES ] C/C++/Java X, (HARLE R 58 AL
R R AR A P EERE R . AN, Python 5 A A, [EJAEFE Windows, macOS. Unix {E3 %
i EAT, HRERpE I E B R oE i T AR .

Python RJI# 7 it 2 (A B LA S iR Rl = . EARALLE shell (ER . VR S 2 kAR X AL L B 2 1) 5
& . 3—J71i, Python $i{itLt C B Iy EiREMR AL . AHEIL C, Python fEE—fA [4R# & P FEGE S 1,
B [ v B ) R B E 8 v i s e i R (B3 2 2 3 ORHALE], Python i3 RV HL Awk
(B3 Perl) RRIEBIHEZ M L. BAMEFFZSHE, (1 Python ERIEACHILA R 52 FIHA S 1) -

Python Fe AR DI HILFF 2 A454H (module) [EV " 5 758 1] 22 HoAth Python R2{rr. Python H 4 T —
AR AT ERERTAL, B M REMIE Rt s B M3 1 — PR R 457 Python B2 HEf. A
LORLA Pt T AR SR VO RPN . socket AYENRE, ELAEARML T Tk 55 £ 71 TR J#E (GUI toolkit) 1
IR

Python 2 il ELEARR S, WEVRT A s amgs, AEERTERIEEBAL A Nl Bl ] . B EL AR BE
HEHGE, FICREAy (R ECBR A RE S 1T aE . By LU S BNEIR AR 2. IRt — LA AR B 4 B
B, BWR ML AR
Python i :UE fHRS M) S . ] Python BRI R ALE L C. Co+. Java EAERAL. EAH A
S GUGSE

» Python = B (1) EORHREIREAE—BIUASK (statement) SRR EAE 4%

o Bl 2 R DA A HECED Dot o 1 35 58 5

o AFERE AT
Python J& +T #%& 749 - QIRARE Ry C REsX, TBIEZ (5 iy [ ok A SO B e v R A S Y. I
st (B 17 P e PR 01 738 3 56 i — S B SR Y 4341, 2 3 Python 45 1) —SEE DL — (7B 5 (binary
form) F O RE BT (A4 E (BT 0 A48 B AR ) o AN SRARABE 2 B RO A /5, AR TT T DASEL Python
HApm AR C MR, EERZ MRt B Python B FE sl MR E] MR O 1URH S -
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A —E | EMEES 2L BBC 1158 «Monty Python’s Flying Circus) 144, HiCikEse B4 HE. 1
(A S5 | A ) =B N EIEI R R, 33 5 2 R A s B A7)

WRARBIAE O BRI, IR A8 T A% Python TE ZAHIHT, MEREGE S WA 2t B E. T
A AR A AR, B (El, 51 TR T 7 Python PR vh BiEL

RS, A e RE T A R R B IR SE G, (RO RS B TR R B
) HB

B R AR BCERE], % i 57 2 #@H 47 Python 355 BLH R A MR 2. — BRAR 2 i B0 i 5 X
(expression)., PR (statement) FIEAI(E] (data type); %2 K= (function) B4 (module); fxi% &
fill— S P 11 32 N5 51 (exception) B 3 H & F(E) (class).

4 Chapter 1. #EiLk



CHAPTER 2

£ A} Python &8

21 FEEER

The Python interpreter is usually installed as /usr/local/bin/python3. 13 on those machines where it is avail-
able; putting /usr/local/bin in your Unix shell’s search path makes it possible to start it by typing the command:

[python3.l3 }

AEEIE) Python' . [HIEVE S Ay H BV MM 246880, Hotbiy H B A ATRERY > FTARRAEHIY Python
HEANHE RGEHE . (FIIN: /usr/local/python JEMEARH RIS ELEHHAE. )

On Windows machines where you have installed Python from the Microsoft Store, the python3. 13 command will
be available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other
ways to launch Python.

T B A —1# end-of-file 57T (F£ Unix _|[E] control-D; 7 Windows F[E] control-z) € {51
FEAR PAZR HIRE] (zero exit status) BEFH. WIAR FIRMBOEEA AL, WATDABIAFG S quit O BERHE LS.
HiE a0 M IIRE AR 2, E34& GNU Readline pR=UH) R HA S BB, FERBUL. 48
WTEF IR . PR SR AR 29 Sl A #E28—(H Python $/RFFZHI A Control-p, 4N
BHHEDE, SR8 RMEZ S X488 & B EN A pes. e
WEA L, SEHB— e, SREEEA I SEDRE: Ltk BB T backspace K%t T
JGo

T ] B S PR 2102 Unix shell: QSREPE0F Y Rl 45 2 — M0 ty 365, & & B8 U EH T
A ASPEIT I 4G AR 44 () | a3 6 stdin AR R EZE, & @ iE (i St B E AR ETH .

o5 — R EVE) B #4519 5 K [E) python -c command [arg] ..., EEHITHE command [FIFF54 (1) |
TN E shell By -c $EIE. Python 4541 & 25 9 45 shell H 2| 45K T-00, 8% &8k 5] 9548
command FIFEH

47 26 Python A ] _FUNEIA I —HE (. i python -m module [arg] ... W PASHFT module Fiff
O JEIATG , Al ] T AT BB A ) e A A — Rk A 7 (D

TR EEAAERE, AR O A B E ARG R R A B IR TR TEIAR I PR I -4
I 462 W] I 2 BT R ERCAE using-on-general
e Unix 11, Python 3.x FLIRAREARAE 0k oyt hon EIESRATHA T, BLSBLBLA G Python 2.x BUTHIA FRETA.
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2.1.1 {HESI®

B E BRI EA ) 2 RSN | B0, A e EIE by 2 H AL A list (R%1)) [EHEIRAS sys #5540
() argv B#. RITABIAT inport sys BUSE M. & MEB5WRE S DE—; HEHH/TMAEAR 4
AT | B, sys.argvio) BT, WEAZE - (FEEHERMA) K, sys.argvio) [E] -1, F#
i -c command W, sys.argv[0] '—c', B —mmodule W, sys.argv (0] [FJRERLAHFEAE K 58 B B
o HAHE -c command B —m module W3 IEAN G4 Python BRI, /2 FATE sys.argv SHP4
1% #81%) command 3§ module {1 .

21.2 FEHIRNX

TR (tty) A EATIR O, ESREAE Z 31X (interactive mode) WiEAT, TEEMBT, FHURE
R fE, FORBA T IS, TRRFEE N =MERRSE (>>>) Fon; SAGESITT, BURA 2T
A, R EE (..) o ARG, HRBURBOIAUR . BAREIUE . ORI, SRR R IRFT:

$ python3.13

Python 3.13 (default, April 4 2023, 09:25:04)

[GCC 10.2.0] on linux

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

BT E L BUHERE AT R e i 0. BOIRE), 1502 i [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 EBRERME, 729X,

2.2 HERECHIEER

2.2.1 [RigHBEI= TR S (encoding)

THEL Python JEUR ARG 04 e A A B ) UTE-8. fEig (M g Al , TH 5 _F 2 ek 75 09 307 nT DA ] IRg i 6
MTEFHREZ . ES (identifier) K Egr — BESRAERRME RSP L0 ASCH FoCfEERR(E)% , dEd
2 MEATA portable FEAWETHEF IYMELH]. AR EIEREHIBUR ITA F2IC, RIS & 75 2 At [E Rl = ()
UTF-8, [FJH & REHURHZE T I 7 ey 728

WA G TR AR S, SR IR R A, RS % — TR kR . RREIT

[# —*— coding: encoding —*- }

Hrr, encoding ] PASE Python S4B AT 2 —7E codecs.,
Foan, EEEAEH Windows-1252 Aty , JRAGHE 228

[# —*— coding: cpl252 —*- ]

% — AT A — B SMEE], B PAUNIX “shebang” line £7BISERE . BUIRE, S IH S8 7ERE 210
AT Bt

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

6 Chapter 2. {#F Python EHiE32%
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CHAPTER 3

—{E3F1E=XRY Python & 4r

TE R BT, A S Y B [ETE A B4R 770 (prompt, »>Fll...) : WIRBEMAES], IRLATE
PRI BB, I ASURFICE T A %5 AR R 0 B AR 1 SCTAT 2 BRI
g%ﬁﬂ&ﬁﬁ%*, BT A R R 7oy, URATIRL A EEENT; Ewl ST 4R
AT

TEATFE R RFZ @ h, EEmME T CumA, 78U EEMR. Python hiEf# (comments) H
hash 7€ # BAdh— ELERATA R . [EETTDAMERAT2 . 2%, SR B, (B ahBEY
HISCAR (string literal) Z 17, hash SFICAEF-ER SR Z RFGHLE]— hash S75C. [ EIER 2 AR I st
TMiAS 4 Python i, TEAE FEHIRA—E ZHA .

— 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 4€ Python E{EstE =R

%?ﬁﬂ%%ﬁ%ﬁ*%’%ﬁﬁﬁ% Python 4§54, [FB) ARG EISE AR — A 1R TI0 >>> Bl (A 4K
A

3.1.1 &5 (Number)

Eowpar WA — & B A FT R AR0T DA A — 1 expression (EFE), B &% 1%\l . Expression [}
FEVATTDAGERT - ST . - < A/ WA ARATIESE $ESE O WIRURARMEE. Bl

>>> 2 + 2
4
>>> 50 - 5%6

20

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

5.0

>>> 8 / 5 # division always returns a floating-point number
1.6




Python Tutorial, £[F) 3.13.1

R (B0 2, 4. 20) [ ine U8, BPA/NECERTRG (B 5.0. 1.6) [E) float 2R, FRAMMLE
AR P B 2 W B R B

W8 (/) sk [l —1{ float., GHSRZEM floor division [FJ 5 R B 45, IR A // 8 T 5HEAH
ATPAH A %

>>> 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

e Python 1, FHEIENK (powers) T A *+ fEE 1

>>> 5 ** 2 # 5 squared

25

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

SERFFEE (=) ATAM R E S RO . BEE 2 1%, 78 R R T OC i A € SR AR f 45 2R

>>> width = 20

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

AR — RS BORYE [ £ 5% (defined) | (RPEEMORBURNL) , Sl G & W & B gk

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

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

V7 B E SR SERR Y SR, TEFLT (operator) i _RIR-AHIERIT (operand) Ik & LR B HE T E)E)
PR

>>> 4 * 3,75 - 1
14.0

FE B AR, SR B R A SR i IR 2 B _ . BRORERIE Python {5 LRt
AR, ERERTEENES L

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

>>> price + _
113.0625

>>> round(_, 2)
113.06

T 1 A M e i (0 B R ) L BB R B N % W R b () 2 R - AR M AR {06 8 7 (4% e A ) ) A
SRS AR TR ORI B i Ak 2 A T(E

7T int f float, Python i& 718 T HALWHFAIEE, % Decimal #l Fraction, Python INE S 2
[E)# (complex numbers), [EMffif 5 Fil o B A EEEKAG (BI 3+59).

: > PEEI - WIEEIRIT, 302 R - (3x2) [DNE o, WIRIEEGIERIERIDTAMGE o, AR AR

(=3)**2,

10 Chapter 3. —{E3EIER A Python &4
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3.1.2 X3

Python W DASREAF 37 (1 ster BIEIZER , BIITARAA [ 268 (strings) ) RIS 452077, BA rabbit”
BAfearis™. H)TGot your back.” %45, “vay! )7, TATEDAFIHEISE (... ) HEIEE (L)
SR, U IR .

>>> '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"

TEIHF15C, RMTFEAEIAE N E N K TBE] & s AW mT AGE I AR 51 9% :

>>> '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.’

J

fE Python shell Hft, <7t i AN T 7 H T RER AR . print O pRaE R4S IS | SEETED 1 BEEF TR
FR AR AR I R TP o

' # \n means newline

>>> 5 = 'First line.\nSecond line.
>>> 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.

UERARAA By JeaT B\ SUREE SRR Ry, W LARRGE ] raw string, FESS— (AL 5 SERTIN_E © :

>>> 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

JFIGR B — R AT R T REA & AR \ FOTAE R 2N R E R TS
AR RE vk

FERSCRF AR AT, o — Oy sUR M =B g 9% el REA TR
BMATEES, (HEa FEEFTETIA \ BUEEEATE. EATIE T8, R ETFAae
A~

a .

>>> print ("""\
. Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to

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

HERET—T

ARG IABTE S, RRREFIRAN \n £ESE (L) A (L) BISE AR RO RUE . RS SRR E— 220, AR A TS BERE,
ATHEBE v (HZBE '), RZIFHE.
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>>>

(R L —5)

FERTAREI + 3T (concatenate), () » AR T H LA

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

'unununium'

Wi DA EARSS T ER A (string literal, BI#55 98U M 60 ) @l 5 B i oKk

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

WARARE Y Br— AR TRy, WIRHAR 5 (6 B B s p R+ A

>>> text = ('Put several strings within parentheses '

'to have them joined together.')
>>> text

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

(R R U P AR AR 5 R LT, Tl 0 A e i K

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

AAAAAA

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

PR B A M S M — e, R+

>>> prefix + 'thon'
'Python'

FERUTLARYE [5R5] indexed ] (FEE, B subscripted), 3 —1FICHIER G HE 0, [EA 73R 7o ZUE);

— AT — M R/NE 1T

>>> word = 'Python'

>>> word[0] # character in position 0
IP'

>>> word[5] # character in position 5
lnl

RKOMETT AR AR, BURFSOAE A B an T

>>> word[-1] # last character

ln'

>>> word[-2] # second-last character
IO'

>>> word[-6]
IPI

HERRIAEE -0 R 0, AMRTIMEH -1 Bk,

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

(substring):

12 Chapter 3. —{E3EIER A Python &4
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>>> word[0:2] # characters from position 0 (included) to 2 (excluded)
leV
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

Y1725 (slice indices) AR M TRLAE, A WGEBERT AR ERE 0, 1145 W5 2R 5 | Ry TS
7 HR A 35 1 slice

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

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

lonV

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

HEEPEMAGEPA S, MERAGENBE S . SR T si:1) + sli:] KEFR s

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

i (A {1 il LR slice R ANATE VR 3. AB1E slice ARG BTG E oMz M, Hrh s ooh [
B 0wt J) o ooy 75 ik — P oo A B e KT ME », Bl

B R
| Pl yl t ]| h | ol n|
i it
0 1 2 3 4 5 6

AT T A E T RIUAE 0.6 AL E; S ATRIBUR TART AWML E. o1 i 2 j 1 slice 15 THE
7 1 BRI BT AT T

BAEEHMRGMET F, —M slice WRESNRHERGMEZ 2, WRRFMEKETHERE. Flq,
word[1:3] RERE 2.

B PP 0 s 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 | {ELAE slice Hh @i 2238 1) i P -

>>> word[4:42]
'Ol’]’
>>> word[42:]

Python FH3 VA - B immutable. R, Bk ep 2R 5 | i B0 A gk

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

TypeError: 'str' object does not support item assignment

WA B (AR TR AR ZH IS — T Y

3.1. {E Python E{EstH#ER 13
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>>> 'J' + word[1l:]
'Jython'

>>> word[:2] + 'py'
'Pypy’

EE R 1en () [BE—HFERHRE:

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

o hsE
textseq

F-HIE sequence R EI %2 —, Bz 3% Z4EH A EAE.
string-methods

T R AR 2 ML A EIN 8 20 method (J7¥%).
f-strings

£ S AR ) T SOAR
formatstrings

BB str. format () FEEAEAL (string formatting) f{ & 7.

old-string-formatting

TEFHIE s BHETIASER IR, MR EE, B2 MM EEAEES P4

JE]

3.1.3 List (&%)

Python P BGE(EIG A ORI AUE], A O A RISIE. & b2 kg er 24T lise, W] ARSI — RS
PAIZSE R B (2 oeR, Ml item), @ETE IR T, List I AGAAFMER TR, HilHEE

BT E A A A A L (ED -
>>> squares = [1, 4, 9, 16, 25]

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

e (AR AT sequence Z4[E) , Tist A ARERGIFIVIA (slice):

>>> squares[0] # indexing returns the item
1
>>> squares[-1]

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

List ¥ 4Z 41354 (concatenation) ZEHE{E:

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

AREAFER R immutable , list f2mutable BUE), B list (HEIA 2 A R :

>>> 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.
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PRELATATE Tist ERAZIMABI TR, @ 1ist.append () 7 ik (method) (FAFIE & H B EZL 5k
E) -

>>> 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 H ) i LI EKE A @I.;‘éﬁ*ﬂr AR list SEURAGSEMRY, 2SR MG 2 AR list. (LATEH—
11532 BCEF Tist B0 B A i R (37t 2 MR S B i A A S U 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 BV & ] T list , B A BORMITR . ERGEE A M U1 R ist g B E):

>>> correct_rgba = rgbal:]
>>> correct_rgba[-1] = "Alpha"
>>> correct_rgba
["Red"’ "Green", "Blue"’ "Alpha"]
>>> rgba
["Red", "Green", "Blue", "Alph"]
Q] DA slice JfH, OB Tist (RN, AR A List:
N
>>> letters = ['a', 'b', 'ec', 'd', 'e', 'f', 'g'l

>>> letters

[lal, lbl, 'C', ldl, le|’ lfl, lgl]
>>> # replace some values

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

[lal, lb" 'C', YDI, YEII lfl, 'gY]

>>> # now remove them

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

>>> Jletters

[Ualy, W, UET, g

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

>>> Jetters

[]

E A R Len () JRATPAYEFIFE list |

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

WA DAL list  (F7 list £ 27 Hifth List) , 40

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

>>> x = [a, n]

>>> x

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

[la’, lb', 'C']
>>> x[0] [1]
B

3.1. {E Python E{EstH#ER 15
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3.2

A B
HOR,

MEEARNa RS
FefFIRT AR Python ACHEFRLL 2 i1 2 IO T A, U1, FYRT DAHD HY 2% 1€ M09 1) 2 AR5

>>> # Fibonacci series:

>>> #

the sum of two elements defines the next

>> a, b =20, 1
>>> while a < 10:

® U WN R PO . .

print (a)
a, b =Db, atb

BT T # 2R
o B ATHB T ZEME: S0 a B o SR TRTRE 0 B 1 FERAR AT BRI PR T

I, REE TSRS A IHESY (expression) FLHETS (evaluate), WR{EFFEEAE . ATHRY R A 2
BHWTFHG -

o while FIE N ZERGMAEE (WWEM: a < 10), g HEBEHIT. 1E Python Tl C 3 H,

EATAEZ MR BE R (rue); FEUR (false). MMFATLARTFER, List. L2 2ALMF 5 (E; LA
EBREMFAIEE, 207 s ER. A0 70 A0k 2 (0 i LAY L. BRMERY LR 3
wmmmmwwmm@%WHCmm —RRAAFIE: < OUPNIR) . > (ORIR). == (FFIR) . <= (Vi
) >= (KIARERY) PAS 1= CRFERR).

o BRI s HE: AHEE Python H AR B —#EBlUA. EH B RRTocd, RuaEER

IMtﬂﬁﬂﬁ%%Ambﬁ%(%@)éﬁmﬁﬁﬁﬁoE%L7%@%Ei?ﬁﬁ%*@%ﬂ
HEREr A 2 B A B hRE. W ME G BA A By A, WA
KRR 2 I —AT AT ARRRETR (HIERR ﬁﬂﬁ%ﬂﬁﬂﬁﬁﬁ%%AEﬁ@ﬁﬁﬁﬁgﬁ%%E
TAE— 8 A B I il A S b R A R — 2L

e print O WA EHEEREESH (1) M. SFEACHHER M T EZMER (G2enmqA

PEFGH]) , T AR ERESE S [ AR A . BV R A S5, W EARFIEH
MEEA—=H, HIA ARIRAE A%, piln:

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

75 | 94 end WT AR ARG G BRSO EATAF A B o, 583 AR TR 4 5 H 65 ki 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

Chapter 3. —{E3EIER A Python &4



https://zh.wikipedia.org/zh-tw/%E6%96%90%E6%B3%A2%E9%82%A3%E5%A5%91%E6%95%B0%E5%88%97

cHAPTER 4

RN T fRR IR

B THIA N while, EEEHTE /4L Python 1 BLAZ(EE

4.1 if BRI
oA R BRI i T 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

R, WA S G LM e1it iR, H else FIREIANZLER . BT c1if 2 lelseif] 11y
e, AR ZAHE. —M if .. elif .. elif . JPFI AT AR AR ILMARXFE S P switch B
case AR,

QAR ] (B 2 B OB AT L, s A E L E S 1, AR RE & 88 B maten BiA U
WRAH. ELWAE, 2 Emach Rt X,

4.2 for BRIAX

1 Python H1{1Y for BORA BIARIF JAAE C 5 Pascal st 7. MR HAEEIC (iterate) —H4F 22 H
51 (4 Pascal), k& 376l 5 FRECAL BRELAC L 45F (41 C), Python [ for BIAEUAEMFH (list
HETH) PR, EFEE M BB R . flin (e )

>>> # Measure some strings:
>>> words = ['cat', 'window', 'defenestrate']
>>> for w in words:

HERET—TD
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(B E—H)
print (w, len(w))
cat 3
window 6
defenestrate 12

FEER—EEAIHRBERZEANER, REEIUHENAIR. HEREBEAT, REREES
MRS, SO — AR R

# Create a sample collection

users = {'Hans': 'active', 'Eléonore': 'inactive', '??i(ﬁﬁ': '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() EHRX
AR EER—E S EE, # HER range O BB . T 0 AL —2 2289 :

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

Ssw N O

# B MBS R K A & BUFEAE ) 81 5 range (10) AERGRY 10 R85l RIS REA-E— MR FEE) 10
(1) 2 Mg — R VB H 1R 5 . ] DAGE range fE HAMBEBALAHH 4, SEH/EARFMAZE (HENEA;
fHfE 2 [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]

WENC—EF N RS A, FRAT AFE BT range O Al len () IR

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

Mary
had

little
lamb
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SR, FEZBIONEE], B enumerate O RS EEDSE, #EREIE 7,
AR B I —{ range JUJ 4 BLA R A B -

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

TERZWET, i range O MEKYRBIGGZ—M list (h51]) —fk, HEEEEELZ. BR—H
TEER BEE ol E B SR 81 b BT T H B, (LB G ORI S S0 list, DAEIE M.

MR E kP (4 Elicerable (WTEILE) 2RI REVEE) R 5 B M b n] DA— BB IR H 31 Rl i) 38
G RMEK T cor BAKXFULWILAIZENE, 75— iterable R NHHE sun () :

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

R M n] DAE B 9 £ [0 iterable A1 H] iterable [FI5| 8 ph ., 76 F 4y, RMEsmEL
BN 1ist O AN .

4.4 break Fl continue BRIAR

break PRz, &K IFEEERHRERR for 8] while [EIJE:

>>> for n in range (2, 10):
for x in range(2, n):
if n & x == 0:
print (f"{n} equals {x} * {n//x}")
break

4 equals 2 * 2
6 equals 2 * 3
8 equals 2 * 4
9 equals 3 * 3

continue PRIARTE T ) [EIRE A a4 T T M EAR

>>> for num in range (2, 10):
if num % 2 == 0:
print (f"Found an even number {num}!")
continue

print (f"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 FEH else F4

In a for or while loop the break statement may be paired with an else clause. If the loop finishes without
executing the break, the else clause executes.

T for [HEF, else T E7EEIRE 5 MmA MBI AT
£ while [EIRE T, & @7EEREMR 5 E false T

FEATAT—EEIRE b, WAREIRE h oreak &Kk, BIRGHAT else T4). B AR R AR EREW =0 (4
ﬂﬂ returTlEﬁ%l%?ﬁﬂ&b) ﬂlé?%%i@,else ﬁzfﬂﬂgihf?o

4.4. break *l] continue ﬁﬂ_ﬁiﬁ 19
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N for [EIRE S ILiEAT TR GIEN], RZER A AR R

>>> 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

W 0 ~J o U W N -

equals 3 * 3

(E8, BRTMMERTE. FHEFM: else THER for EE, EHE it PkR.)

One way to think of the else clause is to imagine it paired with the if inside the loop. As the loop executes, it will
run a sequence like if/if/if/else. The if is inside the loop, encountered a number of times. If the condition is ever
true, a break will happen. If the condition is never true, the else clause outside the loop will execute.

W oelse FAHIHREIERE, MIBMER it AKX, S EE oy BAXHH e1se FHJEEMMLL:
try BIARY else TAJFEEG BAERISN (exception) R fT, MEIEN else FHIZEEH LA break #4E
BT, EZAH M coy ORGSO, a2 e 9,

4.6 pass FRiAR

Zassﬁﬁi BAAATATATE /. B n] AERR L BT 2 A BOA S E AR SO T S AT AT B AR e At . 151
N

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

T K AR LY class (BAIED) -

>>> class MyEmptyClass:
pass

pass JRATVEE]—{ o 20 0 0 B 4 RS T BE L8, ZE VR R B AR A IRr VR DR Tl e 1) S e o
Ko pass GEITWAM:

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

4.7 match BRIAZX

match BRI G R EE A, [E A B L A X (pattern) AT, 132U R DA—(H Bk
Z Al case BIARE R, K L, BHML C. Java B JavaScript (DAKFFZ HAGFET) HAY switch BiA,
{H'E 8 Rust 5 Haskell %55 5 HP A5 PCAL (pattern matching) SEEIFHIT . H A 55— DC L R ) e €
AT, MEWUNS FRCESWEEYE) fef bR il seh,

IR, B LEHE (subject value) Hl—{f s 7 fi e (literal) 347 HLEL:
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def http_error (status):
match status:
case 400:
return "Bad request"
case 404:
return "Not found"
case 418:
return "I'm a teapot"
case _

return "Something's wrong with the internet"
J

AR R — B TR AR R F 7 (wildeard) )i €, HAGEA G ICELIIN . WERE case
PEPCRLY, HAN S AT 23 5

PRATRAGEAT 1 (T5) AR 2 5 T AR A 7 B — A

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

B n] DA A S IR MR (. (unpacking assignment), HL R[] DA FH 344 43 -

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, y):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, y):
print (f"X={x}, Y={y}")
case _

raise ValueError ("Not a point")

i AN AR il 1 S — RO A E, AT DAABAE & 2 B I i IH{E AR (. (RO BT
AR R R A T — R A A — R, HRZ s ME % (bind) T2ACH 8 (point) H—fH{EH. 20U
R TR, &M eSS BRI (<, v) = point,

WRAREE I class HEE HEALARIY R, VRWT AR T4 class B 44 AN b — {51 $oo 2, B0 — {8 i =X
(constructor), {H'E FEIELHE 8 1 [F1H 3] sl -

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

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

PR AT DA 5 2 B (positional parameter) 8i— 28 GEEHE R H 8 M (0 [E1 2 class (5140 dataclasses) —&f# i .
Wt T DAL class HH i EHRA B ME _ match_args_, HEFB B HEMREEE . TR TR
FEE Cx”, 7y, PR B 2 SR E N (ARG I v A5 5 8 var ) :

4.7. match ﬁﬁ_ﬁiﬁ 21
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Point (1, wvar)
1

y=var)

Point (x

(

Point (1,
(x=1, y=var)
(

Point (y=var, x=1)

PRARASI — BRI vk, R EME MR AR @ e (assignment) ZEIEVR—FEE MBS, EH
AIDA T et e Er g B (. A BSL AR (502 RN var) AEWE match BOAXIRE. 259 F
#ME (W foo.bar) . JEYEAME (LI x= & y=) B class A8 (REMREKC.)” gotak, o Emm
point) HII7KiE MEYA PRI -

P AT DME R 5L (nested) . 120, QSR FRAM A — {0 by E L8 25 B 40 B 8 6 list, FRAIR W] DABERK
A __match_args_ HEEHEfTICHE :

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, y1), Point (0, y2)1]:

print (f"Two on the Y axis at {yl}, {y2}")
case _

print ("Something else")

BT ATERL A 1£ 74, FEE] [ By (guard) ). An2R By LR, ) match AEBERT—
1] case [ FEVER, (EAEVHCE 5 A AERT e R Al 2 Bl :

match point:

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

AP o o g At 8 1 R (5

o SRYFMRIKIE RO EDERL, wple (JCAL) Al list B BA 5 AMIE M ESE, W HECEE Bl DAPCACE R
WFs. —EEZAGISL, ZEMARREICEE L (iterator) HiFHh .

o JF 5L (sequence pattern) T 57 3% 3% SR 5 f# (extended unpacking): [x, y, *rest] Hi (x, vy,
*rest) MIEHBLCUATREIE. ~ BEMARHEATUE -, L x, v, *0) FILE—MHED
WIER)FH), HAS G gs A miE A AR T

o ¥, (mapping pattern): {"bandwidth": b, "latency": 1} FEfE—1f dictionary (FH#) i[E)
B "bandwidth" J "latency" WfH. BFFIBARNIE], AN (key) €k 2 0% . —TEG/Z **rest
PR, MR, (H ~_ AR ZRHME, FrPABEARY 7. )

o (BT as AT AEJHC 745 (subpattern) :

[case (Point (x1, y1), Point(x2, y2) as p2): ... J

eI AR S MR RAEE o2 (LZERZH A& — {8 dy Al (R B T AL 751 ) o

o KEBAT I T E S A S5 (equality) ZREGHR, {HZ BL4{4: (singleton) True, False fll None j&
FE PR AERE (identity) R ELEL .

o AR ] DA P 4% B B (named constant)., 15 S6REEC00H 2 B PR AR, DA E M9 R BT s
B
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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 REAR AR RIHAR 61, AT DA PEP 636, &2 DA A% 2 A 55 1T 1L o

4.8 FFEF (function)
8T DA kS — {1 B 2 A 2 ) A AT — L2

>>> def fib(n): # write Fibonacci series less than n
"""Print a Fibonacci series less than n."""
a, b=20, 1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()

>>> # Now call the function we just defined:
>>> f£ib (2000)
01 12 358 13 21 34 55 89 144 233 377 610 987 1597

B def AR MR & & . EZRUHEE RN A REAE R P — 2. AT T
&, A AR A OR ERg R i

— {1 R 2 B 1 B AR AT DA B R SO % R SO W B R bR X A DB SRR, B doc-
string. (B Y docstring 1 4l i 5 2 WIE#A A 5 6 (Documentation Strings)Ex¥%. ) 45 46 T B 0] PAfH
docstring < FH B [E)A:[F]_F o nT 41 B SCf:, ke (8 24 66 DA B 1) 78 R AR A P (VSR S . 78 SRR
HOMA docstring 2R GFE G, BERZERGE KA ETE

B S HAT IR B L — (A B 14558 2 (symbol table) Afit 7 a% i 2 EN 1 [EL4s4% B (local variable) . SEA fEHL(E],
JT A A R T 5 SO AR e R (B e — (R LA 9 e . AR, E5 1 — (WS vy, @y S 08 4
SRFRBAIRIE AR, HORESME e A AF 98, HR(E 4983 (global symbol table), {2 [Elifr 4 )
M4 DR, TERKCr, aeiast Mo S or S8 WOESR T ARG | ), (ERYA R R (BRI aimis
WURTE global PRANPYUESE, BUANE KA BAE nonlocal BRI PHIES).

TE— A R AP R, BRI 28 (5100 SP0mA = m A Bk, Wik, 5IHmA
(¥75 SEMRALF ] (call by value) (iE[EVHGRRI ALK & — AP FFE 588 (reference), TIARZYIFFIIE) .
{0 2 (T R XSGR IR I B IR, R N i o e e 7 — (R P I A 5 2

RAE S, RS IMAZERIAFER. M S M EN A RE, s sanb
JH# 2 B5X (user-defined function) . RZEAT ARG E AR IS5 MR | (T2 B0 0 mT AR AR e SR
R R E R a4 0y

>>> fib
<function fib at 10042ed0>

(BT —H)

VR L, AR ake$o (call by object reference) [AENE T REIRIEIAG Y. FRIE), LR —H AT (FIRE, RIS AP
B TS (PIndE A List ERHEH ) .
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(B E—H)
>>> f = fib
>>> £(100)
0112 358 13 21 34 55 89

WERAR R B I RE S, ARATRER AR cio R, M2 EFT (procedure), HEIE(EIEA [l (A,
P L, BRSO return BUAS, EIRA (A E K BIEME. EEEREE None (B2
EVEAHE) . TEE DB None I, WHAEPHUR. WA prine 0 KFHE:

>>> fib (0)
>>> print (£ib (0))
None

TSR By o 2 R S List AR IR, B HRAS:

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

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

BRG] — R T — 28R Python Hi::

o return BURSEE— 0 &l — I {E. BB return AMIN—FE R AL | B & ] 4
None, — il B UEAT 2 45 L & [0l None.,

e result.append(a) BRIAZFEIY T —1f list ¥4 result ) method (7 %) . method [Ei] —
B E =, 4 BLHIE obj.methodname, it oby EFMEY A (JRAIE—EH) , i
methodname [EJ3% method Y& #, [EId WM BIEIFT €58, A FAZIEE 84 [H 1) method, AN
] Z4[E)Y) method W] ASEAT —Hk 1) 44 R 71 AS €7 78 Python JRIG . (MKW LAEH class (HIF) ER/HCT
(41 BUEIAT method, FClass (#2[E]) ) #iffl ") append () method TEFRTE list Y{FH: & & TER%
list F ARSI A — BB CE . B MG TR result = result + [a], HEARCE.

4.9 RATHREANTESE
S SRR BT 17 [ B (argument) BCREIRTTSEAG . 480 SRR AT DAL A T IO TE AL

4.

4.9.1 FARSIRIE

(E)— i 25 22 1 5 | o v TS R AR A TR s eRaHnr g, wl DA PE e S s A Ay [ Ol 3% e X
Bilan:

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
if retries < 0:
raise ValueError('invalid user response')

print (reminder)
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% R AT DA AR #6875 iy -

o HAET|#: ask_ok('Do you really want to quit?')
. mnﬁ; ﬂﬂl_ﬁﬁﬁtéléi ask_ok ('OK to overwrite the file?', 2)
. ﬁ;Eﬁ¥§§]§& ask_ok ('OK to overwrite the file?', 2, 'Come on, only yes or no!')

BEBI A T B in, HIRHIBUR S A 1 A0 8 R <
HRMERAERAEFRE T, T R AE AR, FriA:

=5

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

A .

RN S URM — . WIHSUEE T Y F, BI4n0list, dictionary (7#t) FLBIEIEHIRF,
FEVERFRSR . G, AR e R T 0 IRF 6y AR A E0E Y 5

def f(a, L=[1]):
L.append (a)
return L

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

A, -

QERANEAE AR P 2 e PR, AN X g o 2

def f (a, L=None):
if 1L is None:
L =11
L.append (a)
return L

4.9.2 FRF5IH

BRI DAGE I B 425 71 ¢, DA kwarg=value [IEIFIY . HI2E], AT
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, "!")
B — LT 3 (voltage) M= (HEBEFENES |91 (state, action, Ml type). #%BRa\H] I FAME—

Wy

parrot (1000)
parrot (voltage=1000)
parrot (voltage=1000000, action='VOOOOOM")

# 1 positional argument
# 1 keyword argument
# 2 keyword arguments

(BT —H)

4.9. EATREAXTEE
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(R L —5)

parrot (action="VOOOOOM', voltage=1000000) # 2 keyword arguments
parrot ('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword

(HPATT b 5 AR e

parrot

)

( required argument missing
parrot (voltage=5.0, 'dead')

(

(

non-keyword argument after a keyword argument
parrot (110, voltage=220)
parrot

duplicate value for the same argument

S ¥ H SR

actor="'John Cleese') unknown keyword argument

pRCIEIY Iy, BG5S | ¥ (keyword argument) IAZEFEN B S | # (positional argument) & 1h . I 0 i) B o8t
F5 | MR ZE VTR — 1 T 9k R I Z 5 1 3L (actor A2 parrot BIARLE #) , 1 BASET 5 | i IE
FEAEZE. AW AFELES |, (parrot (voltage=1000) HARL) . —115 [ HOA T £ R,
T T {1 P 0kt R o T 4R ) 31 -

>>> 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'

B M2 **name W, BHUL—MH dictionary (7L, #£ R typesmapping), #%FHALEHIA
A ETE X S BN BT 5 # . **name AJDABE *name 28 ("F—/NMGINHH) HABA, “name #L
—ffmple, 7% tuple 65— B HUAIMAGIES B (*name MEHBITE **name i ). Fl40, A ER
BRI

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,

n.n
4

keywords [kw])

BT AR AR e -

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

o A R AT

—— 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

TERE, DRSS | Ot I S o R b PR MR e R — B
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493 BHHESE

FETREGE], 5| ORE DAL sl W] e DA B 6 7 (BiR 45 Python pR. [B) T ARG T REIE JOAE , BRAHS 1 9
R 0SB, sk, PEE R TERRAER, MnERHH 2R AE, A ENEE Y, &
T 0 B o

R UE ST REANDA T Hka:

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

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

/R BRI BT R, RIS B R A R N S R IR 7 B
. ERRE T . BT 2 REEI 4 2 8 (named parameters).

(I Es 55| 8 (Positional-or-Keyword Arguments)

FreR OB SRR /A1~ g, 51 OAT DASI A R A R

EPR{IE 2% (Positional-Only Parameters)

b BE TR —Se A, FrE ST MR ENE R E . A MEERE B, EMIEFREZ, HiE
SO 2 WORRE I B 0 . RO E ST / (RHE)) 0. / AT b oy B RR (05 2 i
Hezw, mREERPER /7, NRREGEMERLE 2.

/ AR S HOT DA 15 B R M 48 5 s TR M 42 5 2.

ZIRp#E 55|28 (Keyword-Only Arguments)

TS M EME IR M 48 5, RIS HEDA BT | g, WEAES R PR M 4 F 2
Bk~

E3IE Bl

A A NI R RE SR HG, YER /- R

>>> 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)

S—f R UE SR standard_arg RN ML, BIF0JrEA RIS, AT RA (5 B B i
RS 9

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

AR pos_only_arg MRESRTA /, HILERMEHESH:
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>>> pos_only_arg(l)
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_arg MR FUEFRIEM « R IRE #7580

>>> 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 AR — R A S, i T A =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>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

Itk , FHEEMEAER, R ~kwds [ name G, W AESALE S| B name [FIAEEIFEMZE

def foo (name, **kwds) :

return 'name' in kwds

WENY % R XN AT RE 3 True, HEBISET ' name Jiig AR — M2 8. Hlan:

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

() / (EERRAIES W) &, AT o BRE SR @ LA name FARAIES B, T 'name 0] DL 1EH
eIk GREiDE £

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

return 'name' in kwds

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

True

[EVRRE], ERRA S B A R ] ALE **kwds AT, MIAEILEBEE.
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E1EA
I ) D R 8 2 O RT DA 7 R 56

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

[EJHH -

o WERAHEMNE M SRS, SR ERAIE . 32 WA BEA IR aeny, A hls 5
T ek I A HES N, ) IR 1) (o 8 2 ORI R B g iy, sE Rl U .

s W2YAMAER, DRGSR #RUERE S B, SO IR A R 2 MO | S R ey
A OLEIRE , ol AR B i 7

o BRI (APD, (EFMERRAIE, PABT 1A S B AR MUk I A APT Y BT 3 T

4.9.4 EE5|81%53 (Arbitrary Argument Lists)

AR, A REAT I RIE, ZHE R ARy, T AGE L Mo 5 3. 5285 [ Hed gt i —
il tuple Wi (Gf 5 Tuples o /75 (Sequences)) . {ERTSERRIGI B2 1, PIREA 2 (H 2 2 138 5 0

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

W, 5L variadic (WEERY) TIWE B E 2O RMERAS, G ERE T AE BT RS ok X 7
RIAG | BERPHER . MBI *args 2R AT S EL R TERMRET] 1%, ZREMAREE
[R5 18, MONREIEALE S 9.

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

return sep.join(args)

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

'earth.mars.venus'

4.9.5 FEE5| 85K (Unpacking Argument Lists)

W | WM L A AE — 1 list 2 tuple [E], (ELE) 13§ 2 — (1 75 S AR5 125 | iy e sy, i 2 g e 1y
TEEEEI AR . BN, VY range O BRSCESR B start ] stop 518, WIRSELET 1 HOR & 70 B,
AR pR R, ] S35 5 ML Tist 2 tuple Hrfifige i 2

>>> 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]

[ B, dictionary () WTLAFY + 5[0 B o 55 |

>>> 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 !

J
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4.9.6 Lambda i EE X

lambda RS A ESL /NGBS HE . lanbda a, b: a+b PRZGREI WIS EPH . Lambda pF = n]
FIMEMT TR Z R A . FEsEE L, B e Hae g —#ER . fEaisk b, et — s

HE A HLNE (syntactic sugar), BLELIRpRFESFE 4K, lambda pf 00T ASE (5 & 94 8 51 S

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

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

42

>>> f (1)

43

T 5 Tambda BN T —{E R 53 AN R R R /R U A |

>>> 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')]

4.9.7 [FBA3C {55 (Documentation Strings)

PATR 2 B AR SO ER A AR A

S —ATHR R — BB M 1 B 2 S . (EVORE R, AN e S (B e b RS 0y 120 17 2 A i U D,
ﬁﬁ%}‘zﬁﬂ%%?ﬂ*ﬁﬁ Hi (B mmer e — Mk m =2GEE N BH ) . 8 ATEARE 75
Fﬂ%iﬁ‘/gw [)J\ H, %}'hl“ﬁ%o

SR EZATIR, 55 —ATBEIZS AT, TERLSE LIRS B AR R R 2 Y. AR AT T — B R B
&, TR PERIEIE G BRI A

Python FIH7# (parser) AN 2:[ Python P 24T A k., HIL, BRIREIR SCORY T H ELE L2 IRE 25
AiE. SEIEERERER DA MG FEFE AT M — S AT TR B SO S AR iR
(CRBEFHSE—ATRAHE, R EVE 3@ o B R i B B | SR MR, LA HEAE 7 SO ELR IR, S84%, B
AT HBUE SRR [0 AT ooaPRlR. AREHBIL bR m DR a1
HIHBLT, AT AT HIE S P C R 2 . B tab R (EWEEZHE), BIREAT
JURER .

TR AT ET R A — i A 151 -

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

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

>>> print (my_function. doc )

Do nothing, but document it.

No, really, it doesn't do anything.

4.9.8 FHX([F)38 (Function Annotations)

AR R TR (metadata) R, Rl 2 € Feek BT (N M ALE) (2 a3t i PEP
3107 #1 PEP 484),

[EJ#£ DA dictionary () HIBAAFMAERKY __annotations_ @S, HAGEERA T HAD
. SWEREN &S R ES WA RIS 5%, B 9Rm R — S ERRERER. Wl
[EVRER E 60 2R TE 2 WO RAN det BRI E ST M, H—MW > U —fER 0. IT
BIEVRE 725 | S, — R, AR ol A -
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>>> 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'

4.10 EIZ=g: BRXIEEHE (Coding Style)

BUEAREIS 25 = . S EVERY Python FEaX, SRR TH— T s #51k AT o REUWGH A BEAR b
AR (SR RELE), s Xe), A LR H Al S TR AR A AR X
Bk i 2 — e 05, Tl P 1 IR A i S e 23 A A F L B

EJ74 Python, K2 WIS EHENE PEP 8 FBUAEEE: BT RIS HGURE T A ELEH . A
Python [t H AL EZ AL BRE RIRT; E [EDE R R B % O B -

o 4 kAR, A tab #.

4 RN HE (R R EERE) Mkt (BHEH) 2 MPrE %, Tab Sk
TREL, i EH.

o [Ef7, AR 79 T,
(EV T RE AR08 FH /N 0 0 P 2 (BB, o W] DATE SRR B R L (EVHEBR ) 22 AR AR 42
o AT IR class (JHE)), BoR =EME AR I R
o QARFTRA, SEEIMR A 1T
o [EAE .
o EETHIE. EREEINSK, (HANEE B RS BEE £(1, 2) + g(3, 4),

o Class IR a2 B BE—3G HlE B, a4 class H] Uppercamelcase (BRI K/NE), s if
F B method ] lowercase_with_underscores (/NENEE!) . 7kigEH self {EE] method %5 —1
Sl (B class #1 method, #f .47 R, class) .

o RS RE T N BB R, R AR S . Python FH L) UTF-8 S % 3% (1) ASCII,
HET AT A5 T 1 (E

o FIRRHY, AN R 00T 2 (i el R e CRG ) TT RE IO LB, A BEAE iy 44 IR 1] 1 ASCIL 7
TCo

I3

4.10. FEZ=dh: EXE A4S (Coding Style) 31
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EREE

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

5.1 E—STHE List (£2731)
List (51) JEYORVIE, A ESHRIEN . FITHES] T I B list Y3 method:

list.append (x)
AR R E N E] list iR, B allen(a):] = [x] FH.
list .extend (iterable)
# iterable (MIEMCHIF) 323 list fJEI. Hlallen(a):] = iterable (.

list.insert (i, Xx)

AR IE H A AR list PAERINE . 55 [ BEE A ERT TR M RGIME, FrPA a.insert (0,
x) B ALE list {3/, T a.insert (len(a), x) BIFEA a.append (x) .

list.remove (Xx)
(I List H8—MEE S5 x TCE . # list I TTR A G #85E valueError.
list.pop([i])

R list e L EAYIEE , ElREE. WREERERME, a.pop O AR list FRKKIEA
Elmle. # list @ MEiR R EE L HEE, €518 IndexError fl5h,

list.clear ()
[EJg list A IEE . BLdel al:] L.

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

[l 8 List op 3 — (A (B 450 x I H Z R51ME (RBHIAMRT) o & list PELIEE, HIE®

ValueError %%jio

518 start Rl end ) 5 FEERAE slice Fornyk P AH[R] , 15 =00 BY 11000E M8 5 SR e e Tist s e i1
Feo). (HEGEERE, FERRG ERME lst i) FIEHBRLATE, TARKE start BALATE .

list.count (x)
[l 3 x FE Tist o BT B U

list.sort (¥ key=None, reverse=False)

o tist PR IEEHET . (AT RS MO TR EMLHET , #55% sorted 0 FRTHIARRE)

il

[
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list.reverse ()
1% Tist A i 3 H 1 AR T S 2R
list.copy ()

5] — 1 EE(E)E) (shallow copy) 1 list, i a[:1 %H .
PATF &R 2 772 List 944 5 ¥R R 1

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

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

>>> fruits.index ('banana', 4) # M E 4 B K B T —18 banana

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

'pear’
J

AT BB Er B E| —L ¥k, B2 insert, remove B2 sort, ﬁEDHj A, FRE L,
B None . 30— fH T Python YAy T8 LORMEE M e R

FAMERAT R G BB, R & A BRI AT AR HE P B LB . A, (None, 'hello', 101 BEATIHET,
[ [E# SO fE B2 ER B, 17 None AN AEBLH A AUE i . A L6 U [FIHR A b [ 9l & S840 2 R I R/
Ny, BN, 3+45 < 5+75 @i —RERY L

5.1.1 #% List {E[[) Stack (#([]) {#EFH
List F#RAE 7 100458 JE % f BT DA S B4 stack (HE[E)) . Stack [Fl— {8328 5T e 44 A T e S i Bl

(fei ety “last-in, first-out”) HLIAGRRIGEHE. IRATDAGEHI 745 append O (A3 H ) B TE .
M7k pop () HAG ERTME LA HEER BmiEE . SE0m0E

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

7

>>> stack

[3, 4, 5, 6]

>>> stack.pop ()

6

>>> stack.pop ()

5

>>> stack

[3, 4]

1 HAbZES v PARME S E AR, S5 FF method BYER 8, {4l d->insert ("a") —>remove ("b") ~>sort () ; .
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5.1.2 ¥ List {[F] Queue ([E)%]) &

FA AT DA list 31 queve (E151)) A, BPRSeim ATTR B (SEie), “firstin, first-out”)
MR AR, SR, list 7 MR ) 73U AR 22 . (] append I pop SRAMNAFII ! JFE b ) TC R LR
MM insert il pop AHHAFIBUT B TR (HEHALTRAFLEME ) .

PR ELE AT queue, FHFEN] collections.deque, HARBGHTMURETE R RS R W s IAFIHUH . Flh0:

>>> from collections import deque

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

>>> queue.append ("Terry") # Terry ﬁﬂﬁ%ﬂi

>>> queue.append ("Graham") # Graham i &

>>> queue.popleft () # % —fE fm 3 3R oY 36 A BE B

'Eric’

>>> queue.popleft () # 2 Z A A AR A 3R A B B

'John'

>>> queue # queue [EVF| T #y & 4% 18 n 3% 2K o JE 7 # 71
deque ([ 'Michael', 'Terry', 'Graham'])

5.1.3 List Comprehensions (BRF|{F&EH)

List comprehension ( 3 51 %5 £3855 ) S8R AT DA 8 BRI A VAL listo &SI B T /2 67— {18/ 1) 2 iterable
(PTEWRIIE) , i — R O R AR S ARE R 1 4 R R R A ED BT list, sl —@TIys), Hig—
I TCER B T R A A

ROIRE], BT Mg — [P List):

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

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

HRGE R, () Mg <, HAERRBSREIRAAAE . FAT0T LG BRI I 551 1A i
JRATA side effects (FIEH]) :

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

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

AR R 5

—{ list comprehension AL, 2AE—¥iE9EE], A —1H expression (A ). — for T4, H
BEBME LM for Bk 1 TA). HREE M list, EERZERME for Ml if FAHEN, ¥l
T R AB &5 S . i, 35 H list comprehension 41¢ T Wi list Hri SLAHEI 0

>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3, (1, 49, (2, 3), 2, 1), (2, 4, (3, 1), (3, 4)
T & A A -

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

>>> combs
[, 3y, (1, 4, 2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

5.1. E&—%T#E List (7)) 35
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TER for Ml it eiE MBI BT 2 AR -
2R expression Jg—fli tuple (BAN_ LG T x, v)), EAEMEFH:

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]

[-8, -4, 0, 4, 8]

>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]

[0, 2, 4]

>>> # apply a function to all the elements
>>> [abs (x) for x in vec]

[4, 2, 0, 2, 4]

>>> # call a method on each element

>>> freshfruit = [' banana', ' loganberry

', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]
['banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range(6)]
[0, 0), (1, 1), (2, 4), (3, 9, (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error is 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 = [[1,2,31, [4,5,61, [7,8,911]
>>> [num for elem in vec for num in elem]
[, 2, 3, 4, 5, 6, 7, 8, 9]

List comprehensions A] PA2; 4 [EI3 (1) expression FIELAR A AR :

>>> from math import pi
>>> [str(round(pi, 1)) for i in range(l, 6)]
[*3.1', '3.14', '3.142', '3.1416', '3.14159']

5.1.4 H kA List Comprehensions

FE list comprehesion H BHEE[Y expression 1] PAEATA 2] expression, 3352 —1® list comprehension
% B DA R 3x4 HEPHAG RG], 6 lise 7y 3 R EEE 4 11 List

>>> matrix = [
i, 2, 3, 41,
[5, 6, 7, 81,
[9, 10, 11, 123,

AR list comprehesion &7 [ 1447 S8 A )

>>> [[row[i] for row in matrix] for i in range (4)]
rr1, 5, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

WFEF e L —H#iAE R, [EFRAY list comprehension B KRR Y for TRETHORE, B bAIE A B 5 4
i

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

HERET—TD
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>>> transposed
teey, 5, 91, 2, 6, 101, (3, 7, 11], [4, 8, 12]]

(R L —5)

111 & AE — B ) -

>>> transposed = []
>>> for i in range (4):
# TEEZATEHET EME listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row[i])
transposed.append (transposed_row)

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

TESCE b, S 6 [E e X (built-in functions) 7A@ [Ek AR f il BiA . e MBI T

H, S zip O BREEAREA SR

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

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

5.2 del FAR

A A8 T3 T DARE B 25 | AN 2 (R EDRS: Tist I H - del BiA. & pop () method {4 u]— {8 (A
], del BEARZTT AR AEIR: list i Bl 25 e list (FRA™ 2 A th FUR— (23 1) Tist A5 AR [EIRR

FrBORSEGETE) . BN

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del al0]

>>> a

[1, 66.25, 333, 333, 1234.5]

>>> del a[2:4]

>>> a

[1, 66.25, 1234.5]

>>> del af:]

>>> a

[]

de 1 LT DA 2B 4 11 5 0

[>>> del a

Elpz 1%, ¥ a 2Rl (207 —MESIRIRB E 2 00) . FAVSER TR 2= 2 BR

del ByHAH Y.

5.3 Tuples F1/F%1 (Sequences)

A 2 list A1 H (string) A2 ILREMFENE, BI2FRT 144 (indexing) LA KA 7 #:4f: (slicing) . 52
7 GRS P M ] 1 (52 7% typesseq) . HiJ% Python SR {H 518 B AYFE &, ARACHT REE & I

MR FIVERIUMA . B BN T — AR S R mple,

— 1 tuple J& o T E{ECHS S BE IS R AL,

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

(BT —H)

5.2. del BT
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(R L —5)
12345
>>> t
(12345, 54321, 'hello!')
>>> # Tuple WA B AR 6
>>>u =+t, (1, 2, 3, 4, 5)

>>> u

((12345, 54321, 'hello!''"), (1, 2, 3, 4, 5))
>>> # Tuple [EIf 7 % ) :

>>> 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, 11)

>>> v

(1, 2, 31, (3, 2, 11)

FEFRMAE SRR, Bl e tuple 2202 DAFEIRALE, WNLESIRIY tuple A BEBE IEFERY) B3 (interpret); ftiff
Al A ARG SR A BOR R L i s UE AR, BESRTE SRR AR 2 ) (B tuple & —
ﬂﬁl@?%ﬁﬁiﬁéﬁﬁ?ﬁﬁ%) o TRURBE VU4, tuple *H A EIE H 2 AFTHY, (H2n DAESL A it (8
4 list) ) tuple.

HEZX tuple 11 list F R ACARELL, (A 5@ & FHAEAR R RS ESEAE H 1. tple j&immutable (A7) 5
), EHFEAAEERITRFS], En 8% (unpacking) (2B AHi#£B) B#5] (indexing) HA7I
(BEAEM namedtuples YRGB (attribute) ZA7HL) o List @murable (W), HIOGHEH 2
[F) B i1 EL T3 phy (DA AR Tist A7

— AR E R, BRSSO HE L EIEE 1 wple: Fvk L @R sEm i k. 20
tuple 5 i — A FEPEACH T S —HIE H 1 tuple K8 ph— (A0 b —(EE By R3S — 0 B
—IEEARAER). B, EARCE. fl:

>>> empty = ()

>>> singleton — 'hello’, #<—— FEMSLEAHMEERE
>>> len (empty)

0

>>> len(singleton)

1

>>> singleton

('hello',)

PRz £ = 12345, 54321, 'hello!' iR —1W tuple packing )l T+ 12345, 54321 fl 'hello!' —i

Boiott wuple [Fl. S AT A

[>>>x, Yir 2 = E }

T M E R AN FrE T S 7 (sequence unpacking), W FAEAL I OIAE S 98 A 1B 00T 51 . oI HRR ek 45 08
E%%Z&j%ﬁ%ﬁ%%?ﬁ@%%ﬁﬁé%?ﬂ TR BRI R, ZHEAEIRPAE tuple packing 175
ﬁ%@ﬂgmﬂ éﬁﬁa o

5.4 4 (Sets)
Python 404 7T JIE set (8647) HUERPEZN. —(H set )2 —#l4)5 LA EER TE. HAREH
J7 A T A SR AR S EEDCR . Set Wbt IR . T, EEM RS EER,

RAFHEE set () pRAHR AT VA ACHEST. seto YRS BEEN—HZ31 set, PRLHEMIN set O MAR (15 18
BT W23 dictionary, —REFRMIAHEAE T — 0 S A ORI HE

i e L ) 3 7S -
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>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}

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

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

True

>>> 'crabgrass' in basket
False

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

>>>
>>> a = set ('abracadabra')

>>> b = set ('alacazam')

>>> a # unique letters in a

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

>>> a - b # letters in a but not in b
{'r', 'd', 'b'}

>>> a | b # letters in a or b or both
1"a’, "', "%, @7, "7, "m7, g7, L0}

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

{'a', 'c'}

>>> a ~ b # letters in a or b but not both
{'r', '4d', 'b', 'm', 'z', '1'}

Flllist comprehensions $8{bl,, WA set comprehensions (A4 EESR):

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lr’, ldl}

5.5 =8 (Dictionary)

T—1{f % F 17 Python B2 & BHEAIE] dictionary (3527 typesmapping) . Dictionary £ gk FRE] [ BHEC
& #4 | (associative memories) B, [ BW#[#41) | (associative arrays). AN 74142 h—1F & B E R FE & ER
5], dictionary ;&4 (key) RG], ST LUSALMR T8 AL FEAEEEA T DA (RS . Tuple th
AT PAEAESE, anS A RS S E el tuple; 1M tuple ELEEEN I EEHL S B ARV B, B
RANREE ARG . AR list VRS, list ] PAKE FH &R 5[5 UK (index assignment), ] i #§IK (slice
assignment) 5214 append () Fll extend () % method BHI&EK .

2% dictionary g1 22 B A B2 — AL 42 1A ¥} (key: value pair) [ set, H P8 E[R—1f dictionary
N ) BRI B T N, 25 dictionary: {}. %8 FHAE ST B A SR 3 E R R
SR AR R A LA S 2 . o ARt 2 o i R A =

Dictionary % 1t 5 11 [ET5E Hy 88 AR Gt 47— 0 (i () FL ] 585 thy s BB AR U % (.t mT PAGE ) qe1 Z(E I g
S AEETRAM (AR A SR AR AT, A% SR T R R (B e B . (N A A 1 SR ST o 1 A

R .
¥f dictionary (/] List (d) @8] —H G w% T HATA ALY list, HHEF T EHR AR . (FF A%
HEF, RG] sorted(a) MUBFEIAT ). WRAHMER—MEE R G CATER 7o, WIOEMBET in,

1B 2 ] —1{® dictionary i) f B &if :

>>> 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}
(BHET—H)
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(B E—H)
>>> list (tel)
["jack', 'guido', 'irv']
>>> sorted(tel)
['guido', 'irv', 'jack']
>>> 'guido' in tel
True
>>> 'jack' not in tel
False

PR dict () WS —H SE T 51 SCHE ST dictionary :

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

IEAh, dict comprehensions 19 0] A7 i T 7 gt B 19 18 455X 2K 7 37 dictionary

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

R R T, (T B 55 (keyword arguments) A7 IR ST EIfER -

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

5.6 [FIE#I5
%t dictionary {EIEIREIR, SLA I HBHREAG 4 AT AR HT (7] 1 tems () method A HLE

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

gallahad the pure
robin the brave

%ﬁf?‘ﬁﬂﬂ’ﬁ@ﬂ%, fﬁﬁ%%[&ﬁ%ﬁ?%ﬁﬂ%%ﬂﬂiﬂ? enumerate () @ﬁﬁéﬁlﬂ#ﬁlﬁ

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

0 tic

1 tac

2 toe

R A DA_ R AR, T A H A A 210 0 B

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

SRR MR EIRE, B MIEmBFES, HEHMA reversed 0 B

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

(HEBT—T0D
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(R L —5)

= W o J o -

A E P IIEHT , (] sorted O B ERE] M HIASHE B st , (EN € HA 1751 -

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

orange
orange

pear

HFIET set O WEBREEICR. BFHEH sorted ) L set O, HEHL@HFEKIEEEC
W EIE 18 i -

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']

N

>>> for f in sorted(set (basket)):
print (£f)

apple

banana

orange

pear

AR G AR AR R RIS 1) — ] Tist, {EL@, AL —EBY list & o il B HL2e 42

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

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

EANT BREH (Condition)

FETE while I i£ BRIAX A BRI AT AT AL SAEMBER T, WA A HBGHEE T (comparisons) .

FOBGEF T in fll not in JIRVRRIE EMAH, TEA G IE—RERGATE (BURAE) . EH T is fl
is not HEWIEMIFEA B ZMIE M. B ECBGES T i o AN A LR R S 5 1

FBGERE T A AR . B, a < b == c BRI o BT/ b Al b RHER

OB T AR T PAKE S MGE S T and A or, H—f HCBGE B &5 R (ST Hofth A msE =) mr A b
not KA. Lﬁh@%?EﬁT’a%ﬁﬁﬁl:lﬁl:li%?l.%?i%ﬂfﬁ, Hodr, not ESEEE TR, or MBICEHAL, W
A and not B or CE[HJR (A and (not B)) or C. —UNMEH, FEPEV DA RFRATAn AR A A

MIEE T and Ml or tWWARREIAZ 54 (short-circuit) FE T S5 HS [ R A 2 4 11 @%ﬁ e 4ok B L T [
HigiaeEs ., g, # afcEEME e ER, B2 and B and c WEREAGHITH oo BER LR
L AR AT PR , R 400 I AP e B AL 9.

] FCGE S B H A A AR S U S R R IR A — (SR O T RARY . B

7. EANTR& (Condition) 41
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>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim'

V£, Python 8 C #fiH A —hk, 1EERENRATHRIRVASMNEM I G SOEE T =, BHMEES T7E C

A L SR — BRI AT — EEE AT A =,

5.8 FIIFIRMERMB ZILE

F 5 Wy 3 5 AT DA S A H AR [T B W P i . T 88 L fik 521 3 X (lexicographical) W)Y ¥ g
PUig A IR BT ARIE, A ARHE, T EEAE R AR, A I8, DA, BB H g
JPAN e A 58 . AR A U A IR A B SR AR 7P 1, R s s e e et A 7. g
WA 5 A B T AR A, e e 5 i s EE A R . AR — (R e 2 2 55— 175,
LIS 51 [V /N PP o < ER R ST 6 Unicode (AL (code point) A5 ACHEF HIE)F T .

PATR S — L[R]3 L Y b e -

(L, 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"'y, 4)

R, A < 20> 2RI R Y GIARY . Fon P B s i LB k. B, IRA R
(EMRUR AR T M A AL, IrRA 0 4572 0.0, 454, 75 Rl Rt @ BRI — (M TypeError St

AR fE— T R HE Y -
1)

42
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1Z8 (Module)

WAL Python BLREARBEFHZ MAHVUGEA, 2] (FWekUEdd ) M Esem e k. Hit, Hes—Lu
PR RS IRE , AR iR I A AOME AT S A e s B, [DH R RAE T . e —
TAELA (scripr). HEZARREAGBASER , (R0T R G AR B 40 B MU AR 22, W LUl 4 . AT e

AR m e A AR S i s, (B B s A 5 56 8 i A 8 & R,

[E7 S 9%iE &, Python f—ME L UM E SO AEE T, EEEBBATERG T EM. &
TEAR SEABEIR 4 (module); B H ) TE S 1T AR import B FAUREAL Y, BUR Y import 3 £ (main) KA (15

BRIEEAATHIEA, AR EEBECT, Fr s sk a) .

AL HE L% Python SE MR MR, HRAMSEAATN L oy, ERAT, BAENARE (D
FHR) R name_ WYE. B, AR SCT RS AE EORHE P Al — A E £ibo.py (Y

W, [EET:

# B WA R YA

def fib(n): P EHERMEHINESE n L
a, b =0, 1
while a < n:
print (a, end="' ")
a, b =Db, atb

print ()
def fib2(n): # EEEZRMEKINZESE n
result = []

a, b=20,1

while a < n:
result.append(a)
a, b =Db, atb

return result

BIAEHEA Python EFERSEIH LA R 464 import & A4 -

[>>> import fibo

1

EER G £ibo e 2601 ek X 24 TR E B INAHE BTWnamespace W (G135 L Python 1 F 3% (Scope) #ér 4

% [ (Namespace)); ‘B R ENA fivo WAL . HICEALA RS, vl AFEGE X :

>>> fibo.fib (1000)
0112358 13 21 34 55 89 144 233 377 610 987

€ & A}
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(B E—H)
>>> fibo.fib2 (100)
o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]
>>> fibo. 1ame
'fibo'

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

>>> fib = fibo.fib
>>> fib (500)
01 12 358 13 21 34 55 89 144 233 377

6.1 AT REH

BEAH AT AL 5 AT A T BRSO DA B R A 58 S e BOR U R EERLA P in ik, MR & 7E % — kBt
import RF A G gUAT. (WARAR P EARAT, aBiTen).

TR E H CHFAA i 44 25 (namespace) , ASTAH (F) e i o 20 HE R ASTAH ) FLAG 15 5% 223 I 4 I
g 2SI . BRG, ERH AR T DATEASSAE b O T At e, TR A4 ORI T 25 1 A el e A T
SN RRIE DS . 5 — T, WARARANE H OAEMUHED, VRWT DA E RS Y A, AR
Fﬁ@ﬁiﬁ‘*ﬁﬁﬁ@%%%&, modname . itemname,

TE— ARSI o A] A import HABAAL . JEFTA Y impore BUASHHERA (shigi KL, EAdRE—) 1
iR R RG], (AEEGER . iCE7ER AR Rom i CRTEARMT R CE class 1), % import A4
AP A At A 47 2

import BIANA F — ML RIL, W LAEHI 4 MR import BBEAL, ELH import 22 JERLAL Y iy 4 25
. 4

>>> fib (500)

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

1 import Z &I AR E PO, (HE e ok 2R MR LA 44 R EIAS e 9 | A Bl v 4% 25 il e (PRL IR,
AP £ibo REEEFR) .«

EEAREA B EIA, WA import BEAH E Fer T 448

>>> fib (500)

>>> from fibo import *
0112358 13 21 34 55 89 144 233 377

o5 11 24 9% 6 import BEAL AT 4R, I T BTURIE ) BRERAG44RR. K S UHE T, Python FLst st i
AR EEfE, WESE I A T AR AR, [FR RS 2RO B

AR, D T EA SRR B import + FOMGEE, PRSI @ H T R IR M R .
(B R A EAAE FL BB P A T T3 R, @ T A2 o

QSR AR T B as, F as ZARIK44 M ELIE AN import BLALHREAE .

>>> fib.fib (500)

>>> import fibo as fib
0112358 13 21 34 55 89 144 233 377

15 M8 import J5 20l import fibo BEL FR—HEN, ME—MYZENEBIAEE £io (AL
TEMT £rom BEHL AT DA [RI 66 A 7 2 A5 DL A R -

>>> fibonacci (500)

>>> from fibo import fib as fibonacci
0112358 13 21 34 55 89 144 233 377

VIR L, RFCESRIUR THEAT] 1 TRGRSL; TR TR Y R S SN, G e R BIRARL Y At 4 A5
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O e

AR IR B AR ALAE & ] B session AP &gl import — . PRI, ASRARTE R A4, HILAZH
EFE G803, IRAR BT R, WA importlib. reload () .

Tﬁﬂﬂﬂi import importlib; importlib.reload(modulename),

6.1.1 IDEH EEDERBIT
F i DA R E)%5 847 Python FEAL I :

[python fibo.py <arguments> }

AnfEE A import $§4-, BLAH PR @A T, H _name__ WiE " main_ ", BEEWE, EEAE
BLAHL I AR AN A AR -

if name == "__main_ ":

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

R TT DA AR S VEEIE At [a] g 7T RAFEE) B import (i8EAH, PRSI (parse) iy 451 AR S0R @ e 3 84
TR AR, A aeT:

$ python fibo.py 50
0112 358 13 21 34

SR BUAAL 24 import 11, % BORE U AN ST BpLAT -

>>> import fibo

>

\

>

i tﬁ;%?%ﬂi AR B (i (i, sl R B i (AT IRE R, DAEA 1 AT
).

% [

6.1.2 RHMRYIBFEE

Import — il & [E) spam (P4, EHEMmE L@ IAAELMOERGEH. BALMIE sys.
builtin_module_names ¥ H'. IR AT, HFAREGIERE sys.path T ENERIGEHR 2, 18
F—fEAE) spam.py MAHZE . sys.path fEiE 4807 & B IGIEA TR MRk :

« WAEAFOAER R (IRAR MR, R BTk ).

+ PYTHONPATH (—3HHRF shell 88 paTH WFEEM Y ORI ) .

o HRAEHERA BTN (FMEOI € 5B site-packages ¥R, T2H site AT EH).
1t sys-path-init 4 5 22 () A i .

i I

T SR AFIRIGS (symlink) (ORER 60, 0 A EVAR IO YORMIC R LB 2 A B30
2, aarFsiksy oD EA S AL B

G2 A% , Python BT DMB R sys . path. AT HPIEASHY FT7E R e @ 7EI8 SRR AR Y BHER, 7EARE SR
AXBBAC 2 1l BRI A G BB, A2 R B ORI A ] 24 R RO RS . BR AR
A BEMUERRE, SHER MR, w2 e a AR E 2 .

6.1. RANTHRRE 45
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6.1.3 [#E:E | Python &3

)T i A B4R 1738 5, Python 45 (RS AH 1Y) 4 3R MU AS B #74E __pycache BT, B4 E
module.version.pyc, jaEJfY version j&#isk % M R4 HE, HARE A &7 Python [ 4 %
e, 40, 7F CPython 3.3 Ht, spam.py SRR A 9 T fEE] _ pycache_ /spam.cpython-33.pyc. I
fiir 24 Y I AT DA S 15 S [] BUAR 1) S s ASEAEL R Python [ [ FRUAS [+ IRF A7

Python HRIE ISR ARG W) H Y], A A AN 2 70 i U 7 o5 2 E e - e — (Rl 58 4= F B AR
FHh, BRS-GBS R 2 11 3E R A I T ASE ] [ — R s

Python 7E W REFHE N AR AL RIL (cache). B5E, B HE B HLA REAF HLHAE A OSBRI 45
o BT, WEREMA G, AR e, SOORARRRAE (fEAeE) RO, AR iR
BRI R e, [ELH A REA TR,

— LR RN

o A DATE Python #§4- I-f1Ji] B 28 (switch) —0 5 ~o0 SRIEVNE A tiatl i K. BRI 28 -o [ElfR
assert (B ) BROAS, 1M -oo [FEFEIR: assert BRAZA __doc__ e, i Sefesnl EHKIEI 1
RIS, R A TEIRAE A ST ERS, A e s 8. T @] BHALA opt- BT,
HIBHEN . RIS W] BE & SE# L RIRUR .

o B pye BRI, BRAMRATE TR € R oy BEET. E— LBy 2B 53 .
o B compileall MIAEIEDRISE b i BT AT RLAH 2257 pye A -
o HZMAE, AFEERERE, W2%PEP 3147,

6.2 {R4EHRH

Python Pff#5 T — R HERSAL R, SEANM N 4RAE 5 —10 Setd, REE) [Python pix)fE2% FE (fREE [
XE2EFE), HUREAE Has P EER: SR G AR S A% O E KSR B 3 A DATEL,
HAMRE THRSCR, SERIMEERFEARE (FINRFIEN ) . 5L A 2 — AL RS,
EMEERKETG. Bl winreg HAL{E{E Windows (] . (EHAERERBALE sys, ERIEBER M
Python B i##s 1. 3 sys.ps1 fll sys.ps2 AIAEFR L. IR RFITHFH:

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

>>> sys.ps2

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

c>

A B RNy, AR5 e Feia M 5 3.

S8 sys .path & —HFEH List, ‘BEEEZMEAE S, SWGHEFRE S pyraoneaTs H
PRI TR B AR, BURE pYTHONPATH AUERE, (EEVE TR HEI . VRAT DA FTEEMERY List SR AR5 % 5
e

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

6.3 dir() HER
El R air O R BBALE RG24 8. B B HEF &R 75 list:

>>> import fibo, sys
>>> dir (fibo)
['_name__', 'fib', 'fib2']
(BT —TD
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(el b —50

>>> 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']

[V 45 1 0F, aix O 913 H RTEL 25004 B

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

>>> fib = fibo.fib

>>> dir ()

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

AEE, ESIPrA B LA S B, RiasE.

dir (0 ANEFIHEREEAFEE AT, WRIREZEI R EN, B SEEERAE puilcins [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',
'StopIlteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError',
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',
'ValueError', 'Warning', 'ZeroDivisionError', '_', '_ _build class__',

' _debug__ ', '__doc__ ', '__dimport__ ', '__name__ ', '_ _package__', 'abs',

'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6K ‘'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',

BET—3

6.3. dir() EHRX
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(B E—H)
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round',6 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

6.4 £ (Package)

B [ ALY R | ALAK Python BEL a4 SN ik, BN, BUALAME A8 FORENF A
FAE B AT TEABAL GRS, ARG (R R 75 4 O SR Y bl o R ), 86y
R G, WA (1) NumPy 5 Pillow) [ 4535 1A R O LA (RO BRI 1 -

ML AE B — M AR Aot — i P R R A iAo (T &) . IERE AU S W2 A R 1A%

X CEELAVEMA RIS AP, BI: cwav, .aiff. .au), HIL, ITKHT%%’I‘%TZF?E’J%I 1'fJ<

@%?@i%ﬂﬁ&%#ﬂﬁ%ﬁi%ﬂ‘ﬁ%ﬂﬁé IT?%@EJZ%T AR FF 2 A FFEZE (B, HaiRe .

i‘buﬁ]% EMAEAASIIRE . A AN T #E R0, IR — RV LSRR T E LS. AT
e RHIE T T BER S (U\B"‘Eﬁﬁ?%%’%éﬁﬁfiéﬁ)

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 £, Python &84 sys.path [EHE], FREMHFHEL

HERBEESH _init__.py #§%, A G Pyhon B MEM (BIEA B Fnamespace package, [El—{HAH
SHERE A TIEE) s BT DA — L DA A a4 (B0 string) WOHE, ﬁﬁ*ﬁ*?ﬁT@?ﬂ%tﬂfﬂE
AR 15 S A R A AR AL . e AR i E’JFE-, _init__.py AIPAHR RS AL (HEWRT AT
EURIIAL RS, Bk E a1l 8, X RBREREAR.

B T AR import {R[EEAR , 40

[import sound.effects.echo }

BRI T FA4H sound. effects.echo. 5| IRFAEM BRI 44

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

73— import LA YTy k2
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[from sound.effects import echo J

ia B A — BT AR TR echo, [EHAMEEISE AT AN, IILRELAIN R 775U -

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

A A b 2 2 import TS5 17 pR = B A

[from sound.effects.echo import echofilter }

R, EHMEEA T echo, HERKN echofilter () HAIAEEEMN :

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

AR, B from package import item W, item WRAREMFAY TR (MTEM), Ml EM
FHOEFRI AT, B2, class (HE]) S M. import BOAKE LM BN PAEA E 5 item;
WARE, AlErfRRe s, EEREA. WRERHAT item, HI@5[% mportError fl5h.

MR, ] import item.subitem.subsubitem gAY, BT HE—IHZH, &G JHAWLEZEMN;
AR —JH A DA B, (AR BE BT —TH P 2 R class. pRaCH# .

6.4.1 f:EHh import *

WHHHEE T from sound.effects import * Kf, @r#fAf-ElH? MANET, FMnlreA EREAHS
TEEERS, FREI PR TEA, EFEMai import, EGEBERAEFH, H. import T4
AL AR T RE e AN BRI, o Lo mI A U FE I R import FRLA IR A~ 884

M — R R B e R R RS . import BRI DANEG]: WRELA __init_ .
py R WA E R — A E _a11__ 4 list, #iBF] from package import * [EFME, B &2 EH
import (RALAZ A . BELFIHIRARE, EOEHR ] BATEE RS ERIL list. REMHEHFZDEE
NEEAME L import *, At AT BB € [ElE A ST IE M list. SHIKE], sound/effects/__init_ .py
TS A RE

[47a1147 = ["echo", "surround", "reverse"] }
%,ES%, from sound.effects import *ﬂ%@ import sound.effects E#FEF', EE@%&%@E‘]?*%%HC
A vERE, TRCAH T AE 6 Bl B E 56 (locally defined) 1Y 44 R M. A0, HWIRARTE sound/effects/

_init_ .py fEEP P T —(f reverse R, Al from sound.effects import * HEH| A W T
#H echo ﬂ] surround, 1@31795 reverse %ﬁ%%ﬂ, ?%ﬁlﬁﬁkﬁi%ﬂ@ reverse @ﬁﬁﬁﬁ?

_all_ = [
"echo", # refers to the 'echo.py' file

N

"surround", # refers to the 'surround.py' file

"reverse", # !'!! refers to the 'reverse' function now !!!

]

def reverse(msg: str): # <-— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'

ﬁlﬁ]% _all ﬁ%ﬂifﬁ%ﬁ, from sound.effects import * Iﬁﬁj—xﬁ:@?ﬂ sound.effects Eﬁi
TR TR import 3 HT R iy 4 S B R sound. effects B R import (W AE € IEST
__init__.py HIYRIERALREAME) , SRR import B P PE R ETA M. BEHE __init .oy EFR
(%ﬁ&j\ﬁﬁﬁﬁfﬁé\%?ﬁﬁﬂ) AT M. ER LM Z BIPE inport BRI MR R EMF T HAL
WA LA PR

import sound.effects.echo

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

BB, from. .. import BUANBHNITHF, echo Ml surround BEALYY import i {1 Ay 4% 25 4]
EIEMETE sound. effects BAFEERM. ( a1l FHPCEFRR, SHUEARL)
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BESR, AR E R RRE, ARG import IR, AL o AR BN A R, (BAEIESC
B85 (production) fARSH o I A BAR ELE A R EHH

FfE, ] from package import specific_submodule NEFAL(RE! HEE L, ERMHEME,
A import FRRLAR 5 2 2 ) TR AN AN S R i) TR R 47

6.4.2 E4(FI51/H

HEMNEEEZM T ERA AR (WG AT souna 20F), FTPAMEA [[E%f (absolute) import ] ,
%'[Hﬂ ﬁ@gﬁﬂ?ﬂ/}%ﬂf‘;ﬁiﬂo Wﬂﬁﬂ, %Tf sound.filters.vocoder@i%ﬂﬁjﬁ)ﬂ sound.effects ':F'EI’:J echo

*ﬁ?ﬂﬂ%, E‘[[)J\FH from sound.effects import echo,

YA ATPAA] from module import name [¥) import AR, %% [ A% (relative) import ], 3= 2% import fif
FRTEA) S48 78 AH 3 import HATEEIEMFIREM. B, #F urround g, ARATPAMEA -

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

FTERE, AR import (1R DA H HTARTAH AL RREVK S . DHIE B A 44 Bk 2 " __main_ ", DA
U SR— RS AL T BT 1 Python JE ARSI LA, TR & K i BT EJ import.

6.4.3 ZHEPHEH

EFRSIR—AFRETE __path__o BEFERIRICREZ—HFH 7200 __init .oy IEEFTERH
AR, FIIR IR A E A S A AR I T2 W o S AR O AR B, L BRI 5 B R
FE LR T B .

BESRTE ARF AN K E R, (HE R B h AR S
I3
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i N\ K

AWy T ABURRECR s L DR T ARAEIS s L, B0 S AR S AR B . 3
o e AN [ ) 7 2K

710 EEEMRHEN

H Al E A A8 Bl IR ST A U7 38 SE XRAE (expression statements) $2 print () Bz (55 =FEJ7
RRMAERYIER weite O J73K; BREEH RSB sys. stdout AGEMAY. FRAIAY RG2S %
Y R A E )

%%f@mgﬁﬁﬁ%fﬁﬁﬁﬂ?ﬁ A SR B B PAZSAR R BRI (E. DA T2 s AR s Al th )
o

-%ﬁm%im?$i$ﬁmemm%me,%E?%%%ﬁ%%%ﬁﬁ%E@W%mMLfﬁ
o WRATAEB M F R P { 81y 3k Python (B, 5| H s #ial HAth 7 1ri{E (literal values) .

>>> year = 2016

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

o FH str. format () method m%ﬁ%%éﬂfﬂ’ﬁ PRIEZAT A A1y BORaR s s e, B
Tﬁgfgmﬁﬁﬁv,ﬁ1 iRt g ) e e PR IR, A R A fr g =X
) 8 1)

>>> 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 UMM S BUT 2 MR &SRB . %A BIIR G511 percentage pA 100, [EMfR
B 2 f/NECHAR RS — R 4058 O B SRR AR, 55 2(E formatspec) .

o Bef, PREATVAR CPER YL (slicing) FIH 8 (concatenation) BAF, 56 MUBTATHY 7 H R, VAT
FIPRRERMZ A HRUS 5. AR ZUEMT — 2% method , REDAARE MR TSR 72 ep, iE LSBT RA

WIRVRA T LB, PO FUR S S DT TERES, TPAH repr O B str () bR HEATA A6 (E i
EE7.
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str () BRI R M A SRR s, T repr O 10 R AR B8 PTRUIIIFR¥E (A
REA SR, WK syntaxError) o WERYIIHEIE NS SRR E RoR ik, str O @[l fi 8L
repr () MFBIE. AFFZHE, GR2MT, 2 list [ dictionary S5, i Wi e& X & A A Rl B 2

o T, UIRERRE), A WEAE YRR,
— 2L

>>> s = 'Hello, world.'

>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

>>> str(1/7)

'0.14285714285714285"

>>> x = 10 * 3.25

200 * 200

>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) +

>>> vy

U '

>>> 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 A& —(f Template class (HHE)), $2ft AR RETFHI S —Mk. kM sx

4%, [EIRA dictionary POECEFTIRUA, (SR XA F2 I B D

711 R L8R ILA (Formatted String Literals)

A FH SR (RTRE 7R ), SR AIS]E £ s r, EHGER W E (expression}, #

PRATATEFERETIIA Python SEH K 1(H .

% EIIAF (format specifier) ek, FTFEIESUIRI, T A SF bzl (E A XAk X AR )

#% pi i AE/NECREAR =07

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

s BEGE— R, AR RO B DB TR, H 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
A LB AT ST ATERS AL AT e ER . 2 B asciio, "ts' GEM strO, "' g
EH repr():
>>> animals = 'eels'

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

>>> print (£'My hovercraft is full of {animals/r}.")
My hovercraft is full of 'eels'.
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’;ﬁfﬂ“_fﬁﬁﬁ/\ﬂ% AR A ERER AR ST WS SE. AR AR (evaluate) &1
i

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

LB = EASF A &GS B SO X (self-documenting expressions). 47 52 2% g Le4% 1L 52 5
HEKS, 3 formatspec 2% 35 .

7.1.2 5/ format() method
str.format () method fYREA HEUT -

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

A GE B H .Ei’J”ﬂﬂ (*ﬁl*ﬁﬁ’rﬁ%ﬂﬁ) GHIRAEELES str. format () method 1. RFEGEH 1 #K
TFRRNZYAEMIEA str. format () method I BT fE R (7 B .

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

UIRAE str. format () method P8I GRS 55 1ML, WTLAGEH 51 84 R 551 1 E TR (.

>>> print ('This {food} is {adjective}.'.format (

food="'spam', adjective='absolutely horrible'))

This spam is absolutely horrible.

(L BSOS 75 | o DMER AL

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

J

WRARA — TEIT ‘uxﬁiJHﬁET%ffic%% FCE 714 5 2R 45 24 AR T A SR 45 ARG | A 0. TR AT
DA EHE T (dict), [EMIrFESR (1 fEHE (key) AR SE M-

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

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

JPE 7798, 4B table FIVEERIHE TS HORELE, A —Hm&IR.

>>> 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

SEVE R vars O ALARIRE, S5y SORFEIECH o a2 R T DAl — (8 6 35 A [ dok 5 B 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 3 main__; doc__: None; package : None; loader

Bidn, RS E A —AHE TR A, 51 RO Yy BNy Ty
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>>> for x in range (1, 11):

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

BN str. format () EATFERMEAL FEEEMA, 55 W formatstrings .,

71.3 FEHEt>EH
T T LA B 2 A e S [l — 8P B Sr T

>>> for x in range (1, 11):
print (repr(x).rjust (2), repr(x*x).rjust(3), end=" ")
# EEWM—FMEAMN end’
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

(AAERE, B print O AR PN —E Z5AR A3k BTy VAR R | DI A 23 4% - )

FERYIER str.rjust () method 375 38 75 7 (I FAH 25 4%, (07 B AR & MR ST S 37 . B0
method ¥4 str.ljust () fil str.center (). iaL¥ method KﬁAﬁE{T.@-, H e —E e as, antiig
AMFHRRR, BMAGEETFR, MR AMEUEfrelos w4 B8R E R e R aLRr e, HiEEERE
by — T EE, IR E e RSN e . (WRREEERE 7, TRAUMA <. 1just (n) [:n]
BV R ER.)

73— method /& str.zf111 (), AITERUETFHRZAEEHE, HAEmEIE &t

>>> '"12'.z£fi11(5)

'00012"

>>> '-3.14".zfil11(7)
'-003.14"

>>> '3.14159265359"'.z£fi11(5)
'3.14159265359"

7.1.4 TR ETZE

% FEST (modulo, F8) AT HRAF L. 7F format & values Wt (1 formar ZHFH), format
[EIY & SERIK G values AR S22 RIC K FTHU . ILIE 5 B WREE) 7 FR 4@ (string interpolation). ]
-
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>>> import math
>>> print ('The value of pi is approximately .' % math.pi)
The value of pi is approximately 3.142.

B % s i old-string-formatting /[N o

7.2 HRIER
open () [ {flfile object, Ti'E: 5 % 0 AT 3.5 | RN — B 55 | U < open (£ilename, mode,

encoding=None)

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

S5 e A SR T . 5B EGBUe S P, S T R S A I 2 A
JC. mode [F) ' v W, FRAMEBBEURIERES: [ v KBy, RRAMERBEUBIERE SR (CAEMIR A
REPIRER); B rar by, DAMHMEREHRWBERES, B RN G B B8 A SRR M4
o 'r+r nfABIEWERENEA TR B A . mode 5SS BIEVEN, A MSH G HRE .

A, BEFEDA rext mode BRE), FERI, FEREZE PRI B AFHIRE , #RDAREE S5 /7 encoding AT AR AR -
WAARE encoding, MR GMERRHTE (F open()). UTF-8 2 BIRFRIERIE, BRIEIRAR
KA E SRS, A encoding="ut£-8". £ mode M I o' € LA binary mode (i
BEX) BHEWE S, RN ERIA bytes P NBGRT . DAk 4SBT B (EVAR S8 RS 1T DAS S
encoding

TESCFAE (text mode) T, FHHURS € FBHEF- A HE AT EAFSE (Unix B \n, Windows [-[E]\r\n)
\no TECFA TR ARE, BREIE \n B EEEINT SR T RATE . B RIS
R s Oy S SR AR EEA B, (H e B2 opee i exe R g i bR, 7ERE I
FRRRSRIRG , RS — o Bl .

TERBAH IR, S wich BB RMGEME. @R, WENEMERE, WETERIEREZ55 T
Bk, R e IEMEABIPA . (E wich WILE SN coy-finally MR, HAGMRIFFZ

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

read_data = f.read()

>>> # FMAUREERAZEZCEaHHAA
>>> f.closed

True

WRAREG M wich BASE, RIBERFIY £.close () BAPAREZE, WIDAST RIREMCH & Ir i 1) RATE TR

A B

BENY £.write () BF, ZRMH with B FHIEN £.close (), BIMFRETEE S, ol fgs
f.owrite () A95 | BHEVE BEE 28 ARERE.

ﬁ;ﬁﬁ%ﬁﬁ with BOAS, SN £.close () BAPH—MAEEMIF AR, Bl HAERY IS & 38k

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

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

ValueError: I/0 operation on closed file.

72. BRIEE 55



Python Tutorial, £[F) 3.13.1

7.2.1 EEZY%H) method
A HAM O S B4 E « R E e L.

BUHBUE R AEZE, TIIENY £.read (size) , BB BRI ER, ELATFE (CFHX) sifcdls
Ptk (o dieiat) B, size 2 EBHBIEAET S 8. 5 size B WSOk EI GRS, AR &HEILR
GYGEEE R AR RS TR A R WA KR, SRR . B, R RS size
WP FEIC CCFRR) 5 size WM ACALE (TR Euna B e, R B O AT A
EHAKE, £.read() FEIESFE (1),

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

£.readline () {UEREPHBUEE—17; EATFIC (\n) GWEETHIEE, AR RGAZE
Iy oo, EA E1ER R RE —ATPra . G R b EEWI; R £ readline () [fH—
Az Fep, RFORCASENE TSR, M TMERRER \n', Wil s —mEfTFIem 5 H.

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()

Tgﬁﬁ%%*%ﬁﬁﬂgﬁﬂ%ﬂ AT DABME R e TR . SRR AR RO A RO R P, AR
R

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

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

AR AR — A R I T AT — 0 list [F], WJDASH 1ist (£) B £.readlines ().
f.write(string) EH]_], string E‘J@%)\%?ﬁ, @1@%)\5@?%%&0

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

HAHMB Y2, 2t eMEDET e CGerdst) sfocfsye: (TH)

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

>>> s = str(value) # *’J"ﬂiﬁﬂﬁ}iﬁiég
>>> f.write (s)

18

£.rell () [MME—MREE, EANERYIERETNERIALE, £ HE TR R IR ER R ES
M pCAL L, TSR R E— S F AR BT

i)1] £.seek (offset, whence) W DAMUEMEEYINFROGIE . (LB FIE I 2 i —H 275 BN offser 1)
st 25 B 518 whence SR . whence {HE 0 1, FURMMAERIH, 1 FoR MU H IR
ZNE, 2 FoR MR EARRIEEI S 8. whence WAAN, HFEREE 0, RIDAREZEFHBIEE 2% 8.

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

>>> f.write(b'0123456789%abcdef')

16

>>> £.seck (5) #OREIMEE S BT A
5

>>> f.read (1)

b'5!

€ & A}
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(B E—H)
>>> f.seek (-3, 2) + BRE|HRWMME =MELTH
13
>>> f.read (1)
b'd!'

TEXCTFREE (FER TR AR A o BEZE) 1, QAR LMERFHEEZ2 S 2 848 (2 seek (0,
2) PR EA IO, HRAR £.cell O PR, 3020, ARG RN offser {H. HALEAT offser
fE#b e A e AT,

TR YFEA — LAY method, BRZIAF MK isatty O Ml truncate ()5 HEEYIFH5E RS
FE RS % T,

7.2.2 {ER json REFRHIBILER

AT DA B AR 58 T g AR e IR SRR A read () method H [, 5L H
WHMEGRAE int O BN, TEZ 123 BT, DREEIE 123, FREREHR 2SR list
Fl dictionary (5°4tt) SFEIMER ORISR, T-B)HIT (parsing) FIJF514k (serializing) At FHEVH .

AHHEE T S (5 FF) 38 AN W s 2 1 o B R XS A BB E [E) 3 ) RS R A7 2R 8, Python 7% — (3% K A&
FIREERg R, FEE] JSON (JavaScript Object Notation), EHERIA §son AJ$EIL Python R E , [El e
7R FRE; EMBRERE serializing (JFH4k). (7R FRER R ERIREE deserializing (5
f?}ﬁ']ﬂﬁ) o)](;{%l;ﬁu%*ﬂfir?mmz ], TR EER T A RS R B R, S0 A R e gk
| 35 i 1Y) .

O fHE

JSON #3481 Hu (i iR BLAC B AR R B R [E] . P27 stn il B 8 e B et s, e slER
T+ H B/ (interoperability) fY T2 4E

WERARA — A <, R A B RS I AT A E 1Y JSON FER Rk

>>> import json

>>> x = [1, 'simple', 'list']
>>> json.dumps (x)
1[1’ "simple", vvlistvv]v

dumps () BRZA MM, FE dump O, EHEAEHIGYEF I E e file, FIE, WMH £ 2 —HE T
AT BAEN R text file 14, FoAMMmT DB HEML:

{json.dump(x, f) }

£ R—MCHE. AT binary file stext file Y, BEFRRARAEYI{F RS -

[x = json.load(f) }
O {#E

JSON ## 2470 PA UTF-8 #5354l . e BH(E) JSON 4% 22 DAVEE]— 18 n] s BB 85 A fyrext file Wy, B2

encoding="utf-8",

T TR £ B0 9 Ak 452 487 ] DA BE FE Tist F11 dictionary, {HZEFE JSON i EAIMbAT 21 class (KEE)) 51, HI
T LEHANY TAE. son BALAYS % SR & S L O EIA .

& wsE

pickle - pickle fE4H

72. BRIEE 57
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BLISON AN[Fl, pickle j2— 8 A FFSHE R ERE Python M) PHELTFHILIITH E . ik, E[F) Python ff

o P B SO Lo Bt RE B A AN 32 AR AL 2R pickle ¥R RUFSIAL, ATABATAE B AIAR X
5.
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FhRR NG5

3 H aiE R EE S 2 SR, HARRERE T Hs], R RE e Bl L RaE .. R (24
PR AS /] ) ) - m%?”ﬁwmmmﬂﬁwﬂwmmm)

8.1 §&/£# R (Syntax Error)
REVE B TR MR8 (parsing error), BB/ EEE Python [ F i A Bl LI HUAL -

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

AAAAA

SyntaxError: invalid syntax

FilA & (parser) & EEVESTAIR—47, [T — R/ NEFIHG a2 A7 A B 21 Y 55— S B . B2 A 0
Z AT HYAEERE (token) BEELH) . BLBIH, SEARAE print O WIS, WEFET TR T M8 5%
("2 ") BERATASN BTGB A, BT DAURARE 22 B [EIACEE 35t T DASRITE 25 MR

8.2 fil4h (Exception)

B il — B oA X sOE ST T IR RS, B RBUTIR U] BB B . BRI R Y SR )
b, BISMA R AR PR RE S @7 Python RRCH AT BERE B . NI K 2 W) B AAS i e
AR, [EH BRI SRR -

>>> 10 * (1/0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
10 * (1/0)

~ AN

ZeroDivisionError: division by zero
>>> 4 + spam*3
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
4 + spam*3
NameError: name 'spam' is not defined
>>> '2' + 2

€ & A}
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(B E—H)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
'2' + 2

TypeError: can only concatenate str (not "int") to str

SRR R M Rt — TR R B AE T AP . SIS R IR R AY, TR A 4 R & VR RURL 1 — B 0 i B 1
%ﬁﬁ“ ':F' B@Wﬂﬁl\ﬁﬁi\ﬂ ZeroDivisionError, NameError ﬂ] TypeError, 'f/lfﬁljﬁl\ﬁﬂg%ﬁ E[] '.:l:', E@?% s
2 B Y[ 51 (built-in exception) )& F§. i iy 2 Bl AMER 2 Gtk A, (H3EF R R & B 2 1) il
SRR —E TR EESE (BESRIE 2 — A M G]) o BRERI S 44 Fi 2 B sk 7 (identifier), A2 LR
B (reserved keyword).

AT H ARG, ARG SMOBIR S SN S, [ER IS A o

SEFRATUEL PR, I HEE ]9 (stack traceback) [KIE BN B A B AN RESS . —R(E], B8 — 5 H
AR BAT (source line) AOHEEI MM (E & A G FUR A MER A B AR .

bltin-exceptions =i 71| H [FIZE I B 40 I B M0 2% .
8.3 EIEHFIIp
i 23 AR LB E MBI AN AT . DA S okl Az, ERA g AR, =

EATHEHETERER (] control-c SMERARFZBWIES ) S, heAEEAENREShE
15| f KeyboardInterrupt fFlAMEYE,

>>> while True:
try:
X = int (input ("Please enter a number: "))
break
except ValueError:

print ("Oops! That was no valid number. Try again...")

try BOAGEMT AF .
o HAE, BTy T4 (try Ml excepr BT Z FIHIBIAN)
o WERIEHEEABION, R excepr T & Gaghits, cry BORXHIT5E .

o WERGUAT coy TRRFEAE THISN, RIEETA ORI AR pikid . RGNS except B
RPN BISN A REAITT, I except T o) Bl AT, A%, HEATUAT trylexcept [0 2 KINAEAH .

o WERBEERBISNRAT G except T o) HRIBISN ARG, R ARSI SME ) oy BAG SRR
FgEp, Qe 2K RIZH) 4 (unhandled exception), WATHHE L, [EIHURESHREE .

try BIAZAT DAA AR H—1ff except F 41, [EURRIBIINE € RBLE, WkE RA— M EMHE G0,
B P LR P B ry PR B AR EIAN, NG R LR — cry PR EH AL R P E ER Gl oh, — 1
except ¥ &) W] PAJH—AH 45 95 )R tuple 5 S ABIAL, Bi40:

. except (RuntimeError, TypeError, NameError):
pass

except 1) 1 —EIERF Az BIE A S B i A Em FI (EAR R BGE A - 51 h— A7 A 451
¥ except T AN GAFEEWERMERGISN) . flan, PAFEXE @K B, C. D WIETFEH:

class B (Exception):
pass

class C(B):
pass

(EFET—3
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(B E—H)
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

TR, AR except T & IWIE) PR (8 except B EISE—M), HIGHIE B, B, B— 5 —HfF &S
I except T &) € 1l 5%

EOIINEA R, EVREA MBI, RGN K. 5IEETEET R EREE, 2 EERME AN
FRRAL.

except F &) A] DATEGI A4 ARAR THI A 8 — (9 S8 0. 3 (W S Mk 50 o 3 — MR B A EE 81 (imstance) , G [0 3
fhA7AE args BYEH. BT HE, E@EGIREERERT _str_ 0 AR FTE 5| #0775 81 =X EUT

.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 = €ggs

BISMY __str__ O HHH @l TR SRR B SRR Y e iR — AR (TANER D)

BaseException 4 M4 #BHIHI#h BF t FH Y base class, B[ subclass (FHEE]) 22—, Exception, HIEFT
A AEERE B /b (non-fatal exception) [ base class. 72l 4NAJE Exception B subclass, T T3 # A &9k
B, HEE M2 AR R EZ A . EBIAMIRE T H sys.exit () FT5[ 81 systenExit, PAK
T E AR B rh B AR SURE 5 | 8511 KeyboardInterrupt.

Bxception A AMIVEIBIECAT (wildeard) ACHiE (#6°F) Framypilsh. SR, HUBCAFROMOE 2 T fEH i
(EVRHFAT S R IR G AMSA, [EVA AT AT T Bl S A0 (propagate) .

HEH Except ion (M AN, RICHZMANIMETE, REFERTIHE (e mt
(caller) 3R FREZ FI A1) -

import sys

try:
f
S

open('myfile.txt'")
f.readline ()

i 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 BURNXA —HBRVEN) else T &7, [, &% 7 HULEBAENTH except T o) 2% . WHR—
BREs UL ZHBEAT, (ery F o) LEH SIS, B TRA M. -

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 ()
J

M else THLLI coy TRIRMASMIREAM L L, FELE T ARG BN ZH try ... except
Pl PR A ARG i S [ B B 4

BIAN JEBEE AR 1y F &) L RIEE AR B8, 2R P ory F o) (] (B2 R Heh) W i e sXET
BERBISN. B

>>> 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|3 HI5b
raise BUAS T AR BRI 482 MBIt -

>>> raise NameError ('HiThere')

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

raise ME—[)5 [ #2225 [ BRI Ak . 5% | B ZEE — A GIANE BIELBI S class (fT4E H BaseException
i class, P4l Exception BELE ) subclass) . QISE—{E B4 class #EELE, B& AT HtIEn & i 2R
K= (constructor) , ¥ B )77 B (implicitly instantiated):

[raise ValueError # 'raise ValueError()' éﬁﬁi?% ]

SRR AR5 [ T RIS, (EEATREI S, JIACAREH LAY raise BRIASIRERS | 8401
b

>>> try:

raise NameError ('HiThere')

. except NameError:
print ('An exception flew by!"')
raise

An exception flew by!

(BT —H)
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(B E—H)
Traceback (most recent call last):
File "<stdin>", line 2, in <module>
raise NameError ('HiThere')
NameError: HiThere

8.5 fl5h&EEE (Exception Chaining)

WRAE except BOEEIMEEA T —MFR BRI BISN, e G alesE (R 1 2B PR B ST InE A%, [EDE
LS AE S TR

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

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

open ("database.sglite")

AAAAAAAAAAAAAAAAAAA

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>
raise RuntimeError ("unable to handle error")
RuntimeError: unable to handle error

BRI BISNE 7—APISN EHGE SR . raise BRUARAFF—RBIRMA from T4

# exc b ZBIHE Fl K None.
raise RuntimeError from exc

L P, B AR . 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>
func ()

AN

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>
raise RuntimeError ('Failed to open database') from exc
RuntimeError: Failed to open database

EMAF R E AR from None AU A By il 51 4% -
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>>> try:
open ('database.sqglite')
. except OSError:
raise RuntimeError from None

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

raise RuntimeError from None

RuntimeError

B2 B A BRI AL, RE S bltin-exceptions .

8.6 f& H&EBEERBIS
PRSI LUBB AT AR A0 (151 class Hedn4; 1 MIHISh (FA T Python class, #R.Class (3810) ). Fify
ARERRNEL, HUHERBRIL sroepsion dus LUK,

14 class IR E FEAMUT ] HoAth class REEWRINY 35, (FUEH @l EAER MR, JURML—SU@ i, SRR
GERN <GP U R G 5{5

K& BHIsbES, #EL MEror) FEVLMARE, MLRMERENSMGL.

HEL B G T CRODISh, DA T S Bk b B B

8.7 ERFEME

cry BORAA 5 — BT, TR e A D) AR A I A

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

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

raise KeyboardInterrupt

KeyboardInterrupt

J

R finally TAIMFAE, Al finally TAJESE try BROAKETRBEATAYRAR — AL H . AN cry BROA
AR AELEGIS, BEPAT tinally TH). AT REHRRGISM AR, HCIREER(E):

o BN oy TAIBEATERE, HIRZBI SN Er Al except FAJEEFR. 1R #% B SMNEIA
except TAJEH, BEFE finally TAATEREYERT .

o —MHBISPTRESEEE Y except B else TAIMBATER. B, HBISMITE finally FABITH
Ta Ik

o M finally TAJ#I4T break. continue B return BRI, RIBIANASEgh B 5] 8.

o IR try BIAFLEE] break., continue B return AR, Al finally T A EHEIIT break.
continue ﬂ return Fﬁﬁﬁzm%ﬁﬁio

o AR finally TAIPE return BUAN, AIBEHEERE finally FAIHY return BR[|
HHE, MARKA try THAY return BOATH ] HAE.

Bilhn:

>>> def bool_return() :
try:
return True
finally:
(R~ —5)
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(R L —5)

return False

>>> bool_return ()
False

31 HesE A Fr i 151 -

>>> 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>

divide ("2", "1M)

AAAAAAAAAA

File "<stdin>", line 3, in divide
result = x / y

S

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

WARFT L, finally TAIEAEMIIGE T HS @ BERT. MIMEFHRAIRR TS 81 TypeError [EVH 1Y except
TAJER, HBLETE finally THIBATIRBERTI .

TEFLE MR, finally TRJEABEESMEE I (GO RSAEEGEE) RA 1, e gl
R -

8.8 AEBWAIFEME

FLCM PR R T AR AN P SR AR E T BB A S O R IV ESE R I SR . SR DA
wEe, EEMHEE AR, E RIS 2.

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

BB AAG Y BETER, BTSRRI R, B AR A — BORHE A i e I [E R A B EIR A8 . 76 fif B 1)
AN IR, (ES R ORI E R OREI T RE 2 . wich BRI (PIAAESE) ekl
M, REfREE AR K. I B

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

PR AToe A%, AR A B S MR, A f UL Eral B P . IR —Bk, $ROUEE 2
HENER P G AEER] SO R e — B
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8.9 53¢k k& IE % (B M AR B Sb

TEFLEREETS , abZH I CACEE AL i 2 il b . FEETHESE (concurrency framework) HHALHS € i BLE Y
s HPPATHY (parallel) FEUAE8 i RECACRAY, (HE A HABT B (use case) 7y B REAR AT TG AL 2 1 3
b, WA HA T3 — MBI

[F# Y ExceptionGroup G f#—f{FISME B (exception instance) (¥ list (4351)), (AT EAM Al A—iE ]
. e — G, et R DGR ] S — bR 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>

\ £0)

| AN

| File "<stdin>", line 3, in f
| raise ExceptionGroup ('there were problems', excs)
| ExceptionGroup: there were problems (2 sub-exceptions)
-t 1 ———

| OSError: error 1
Fom 2 e
| SystemError: error 2
e
>>> try
£0

. except Exception as e:
print (f'caught {type(e) }: e'")

caught <class 'ExceptionGroup'>: e

>>>
J

il except* fUBF except, AT DABESR I A PRz R AL rp B E TR DL RC R Bl S o AE DA E B
Hr, R TR SLRA I SMEEAL (exception group), fl except* T /M ENEZHFAR shHRIR— (A4S B2
WISL, e g BT A B SN R 2 HLfh141), S PR T S 8

>>> def f():
raise ExceptionGroup (

"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (
"group2",
[
OSError (3),
RecursionError (4)

>>> try:
£0)
. except* OSError as e:
print ("There were OSErrors")
. except* SystemError as e:
print ("There were SystemErrors")

There were OSErrors

(BT —5)
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(B —1)

There were SystemErrors

+ Exception Group Traceback (most recent call last):

| File "<stdin>", line 2, in <module>

\ £0)

| AN

| File "<stdin>", line 2, in f

| raise ExceptionGroup (

| ...<12 lines>...

\ )
| ExceptionGroup: groupl (1 sub-exception)
t—t———— 1 ————————————
| ExceptionGroup: group2 (1 sub-exception)
ot —— 1 —————

| RecursionError: 4

>>>

AR, WORELERISMEAL P BIAMA AR B, N RE. EREEFEES L, ERplshEE R
Repees s R TR B4k, FILA T it

i

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

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

8.10 FALJfR{EHISME R HE

WG SN E TG ML, B G E IR, B LRI TR R B R g
o TEFLESE], TEBISMICH#E 2 s ia i . Bk, BISPAA—ff add_note (note) method
(FYE), BT DABEZ— M8 7 53 I LR n 2 ) A1 v (E ARt B e o Aoy [l 52 B @ FE Bl A 2 A2 5t iy
AEIfE, [ B HCA  n  E 5 2AEHE A1)

>>> 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>
raise TypeError ('bad type')
TypeError: bad type
Add some information
Add some more information
>>>

B, FEREIAMCER BB SMEAL TR, FRAMTAT AR A R )R SRRV I — 28 bR SO . ZERA R RS,
BEAL ORI BN — R ER, $En s R eI 3 AR

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

€ & A}
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(R L —5)
>>> excs = []
>>> for i in range(3):
try:
£
except Exception as e:
e.add_note (f'Happened in Iteration {i+1}")
excs.append (e)

>>> raise ExceptionGroup ('We have some problems', excs)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| raise ExceptionGroup ('We have some problems', excs)
| ExceptionGroup: We have some problems (3 sub-exceptions)
4

=== I ===——meem======

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>

| £()

| AN

| File "<stdin>", line 2, in f

| raise OSError ('operation failed')

| OSError: operation failed

| Happened in Iteration 1

=== 2 —mm—m———mm==——====

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>

I £()

| AN

| File "<stdin>", line 2, in f

| raise OSError ('operation failed')

| OSError: operation failed

| Happened in Iteration 2

=== 3 mmmmmmmmmmmeee==

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>

I £()

| AN

| File "<stdin>", line 2, in f

| raise OSError ('operation failed')

| OSError: operation failed

| Happened in Iteration 3

o
>>>
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CHAPTER 9

Class (#a[F))

Class $24t 7 — &5 & SR BTN RENY T Be . 37— class A5 Ergib— a9 2 [E] (type), [EJH ARFFEST
ZBUEIH B ) (instance). B—1# class BB T DABEAT — Lol k5 5% B 9IR REAY B 14 (attribute) ., Class B 3]
WATPAA —28 (FH: class AT EFEAY) method (5¥E), FIMEMGEE BIRIIRGE .

HH A FEZCHE S A, Python () class #H1[E] class 381 Tt /D RO FraiiE IRsE 2 . iR & T C++ fil Modula-3
1Y class #§%], Python [ class $24L T FrG My {2 F2 2 i 51 (Object Oriented Programming) Fit) 2 i 47 (1 -

class 4R H /077 22 base class (FLJFEHEE]), —1{# derived class ({742 4HE]) W DAZEES (override) H: base

class [J4T-4f method, H.—{F method W] DA AH 7] #) 24 R 1Y L base class ) method . )4 W] DAL AT K
i AT BRSOk anfm BT K, class L HA Python (B RBRHME: M MAESATI (runtime) BT,
HAT DAE N 2 BRI A

TE C++ BIATEEF, class A (EEERME) WEAZAM (BTAREZ: 248 %3%), Mram
mﬁﬁﬁﬁmlﬁm 4n[F#E Modula-3 H1— ﬁ Python [EI[EIA H (L 25 7T ATE Y 441 method [E)22 i H:
A method pFCEL—{H SN (explicit) . 55— RY A0 5 1 BUg S Ay, 1 005 | SO AR 0 Ry BE
(implicitly) ##fit . 41RIAE Smalltak Hr, m%%m%@ 1B (E) import J E i A IRAL TREE . B C++
il Modula-3, Pyhon [El 7 ZU[ETa] DA% f# F 2 DA base class A H A% 7T (extension). 55 4b, UNFEFE C++
i, REHEEHERRENEEERE T (BAER 7. %) #eT AR T class B4 % 572 36

(H B = 33 i 422 2 AN RE 2R s a class, TR AT & ] Smalltalk Al C++ BY#TEE. & & Fl Modula-3
%mm,lﬂb%0+%% Bﬁmm%#ﬁﬁmuvm&ﬁ%%@mﬁéﬁﬁ@ﬁEd

9.1 FARaRBEYHF—EES

YA S (individuality), HZ2(HZH (762 AE I (scope) ) AT AREESS 2 A R (F. EAE HA
FEE T REEIE4 (aliasing) . HJUKIZME Python Reil & N G BUE MAgr, ME B HUR A8 (1) HAZIE] (¥
. FH. tuple) W, B PALEMZNE. SRim, ERLESA S (st (82%)]) . dictionary
(i) . AR Z 8 A BUE]) ) Python X AGRE R H, TREGA BAMARCR . BilEA AR, W
[EIE) & 7 52875 T L B 5 451E (pointer). B2(I2R(E), fEEAEMMELE— MY R E R, WERA5E
WG ;R AneE s T — VRS | B A, RN R (caller) REIE 255 Lol 5 &

e Pascal 9 W AHE] S | S EE0EA% il 1 75K

9.2 Python {ER1E; (Scope) &&= M (Namespace)

TEANEA class Z i, TGS FRAR—LLB R Python VE IR #LHI . Class definition (FHEEFE) PAM4 %S
IR T — SRR AT, TR SE TR AE R i 45 25 [T A EE A 4 RE 52 B B IE A0 88 Ak po St . B
—, BTG 3 R A ECEHME A Y Python FESREHTFIER 2R A M
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ARG — L R IR

= MR TR A . R A 44 7S [ BUAE# A2 PA Python [ dictionary #F EL/E, (Hil & A
EPMEM Dy g (T HERE) , HUEnTReerfER RS . M sMsl+4: ERsmrEs (1
i abs () WX, FIEEAGIING ) B A 43K (global) &4 R ; e ok =X F o i [, (local) 44
. HEZZELD, UhMBHEESE g —Maa . BikaasMEZE B, ARGas
o 4 RG22 FEEEA B SRp0sRE], WA — R AR AR vl AE 38— maximize BRI EIR
AL s ZEENE iR (prefix) A4 44 A .

N —$, BB B bt (attribute) B8, SR 9E (dot) B MIAAEAT GBI, ERAHR 2. real,
real Y 2 9— B, Bt oRE), B4R S A B IS I (58K modname . funcname
':F‘, modname E*ﬁzﬂ%ﬁiﬁﬁ funcname %EE’J%@ ?’:EL@'T%—F, ﬁ%ﬂ@%@%ﬂﬁ?ﬂ*ﬁi%%éﬁ%%
RRAIETS A — M B2 S AL T AR i 2 s ]

JE T AR MEREI B TR Y . FERENEETT, BB BER rTRE . BAUB R TR IRTTAR
modname . the_answer = 42, A BB PAH del %ﬂﬁﬁ]}?o BN, del modname.the_answer jf
ﬁé@ modname E‘J#ﬁ]ﬁ‘*%%‘lﬁ the_answer,

i 2 MTEA R 208dsr, [EHATRIFER 6. 5 Python FLRRREIBINy, & [EEA ARG Ay 2 25 1
grygdsr, EHRENGHER. HEA0E s a ARy, B g 2w erpidsr; —RIEET,
AL i 24 25 T L B R AT LR AR A o . W ELRR R TEURE A ) (top-level invocation) $UATHYBA S, A2
feEAm B s BB, SPHE—MEMHEE _main_ WRBHHE S, FIEMEAH
Otk 44 45 ] (.LzﬁEWL@ﬁT~1@$ﬁﬁﬂ*y EWHME builtins.,)

BR A I3 oy 44 25 TR R e Y e QIR ST Y, 1T R R [, s5 188 1 R AE R U P BEFE A B AR, Iy
A e, (FEELE, unﬂEﬁLEW?’*ﬁiEﬁ%fiﬁ’JEﬂﬁff ) ESR, AHANEEGA ) (recursive
invocation) #34 H O ) Ik iy 44 45

1B 32 Python FE3{H () — {EleZIKEiE% (textual region), FEUBLIRIER, v =S M@ n B AR . &R
[l EHEAR A BIRE, H— AR E 2 8 (unqualified reference) W] RAYE iy 44 2= ] [E) B sl 324854
i

EVEE e B g B, (HEMeSB b ng . T HIHEm TR e, #Hef 3 o4 [
SRV T, Hea 42 25 )2 T AR A7 B -

o EEIEMEL, RIS, MEad T EEAHE

o {Tf] #1 & pR 2 (enclosing function) B9 1E e, & 1¢ it 9 /N EE B iG55, BA& T IR EI
(non-local) Fi13E4x18, (non-global) 1144 F

o (R A IR, B AR Y A
o BOMHMIENE, (RERR), 2OGERAmIY6HE s

QSR — 18 4% A g () A E'JF)VQE’J@Hfﬂ’%ﬂ%ﬁﬂﬁﬁfﬂﬁﬂ@/‘&ﬁﬂé@%i@E’J&Jﬁ’W—{EWEH%IEE
%E%‘EE@EIJ@’EHﬁ%U\%&ﬁE’J F, ATDAMEH nonlocal BUAS; AnSRIIRLL 8 H(EIA b E 45 ()
nonlocal, HI'EAMEr2mEmry (B HlEy A TS BRA 5 U e S5V i 1 PR S — (i 09 LSS 8, )
SNSRI 4R AR«

WE, BIEERSG2E CURK) &bl IR . 76X NE, Eiﬁﬁfﬁﬂ%iﬁhﬁiéﬁfﬁﬂﬂﬁﬁ%ﬁﬁ
AR a4 2 AR M2 25 . SR, Class definition 7 [ 38k /E F 3 Hoile i o — Ml v 44 25

E%M‘%Tﬁﬁ A S e SRR E 1) - FERLARL o S Rt Eéﬁﬂ’ﬁﬂ%ﬁ@z@%&ﬁﬂﬂ%ﬁﬁ S[H],
Zl‘bm?ﬁéﬁf@jzu\ﬁll%%ﬁﬂ?w %’ ﬁﬁ %@*ﬁﬂﬁﬁﬁ%‘}%ﬁmf BT (run time) B) AE52 LAY

=z

@migxmﬁ@ﬁ%zmﬁﬁ <dynam1c name resolution)!  (4F |-, F}iﬁ £ 0 A R E e g e )

—{lil Python HyR5IRAEI & — B AIEH global B nonlocal BUAHYHR——H4 MEAYIK(E (assignment)
A i EUE AR S S EA G EE R —— e R g g i = . Rl —k: pud X
del x B [RISAE IS ) fir 4 25 RS B = OGRS . FET0 L, 51 AR AR A SEL A o el
i FENR impore BOASHIRAGESR, Gl sk 1 IR ER LA e =X A4 A

VA OIS, AL A IR ORI e, WRE) aice T PR BOEREAL A 44 IAY dictionary;  aice i
WA WBIIURERAAT. B8 SURICR PR 6 S MBCAEOIRAC, A (RN B B SIS Gosmorem
ebugger SE(E) o
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global BRIAZAT DAY SRR i S BUAF I A Al A I, MERZ BT 0 FIARE); nonlocal BOARK
TR E S A A AN B E T SRIED , ERZ i S 4 s FIIRIE).
9.2.1 {EAEf&E=FHAIEH

B2 R, R A2 R E VE SR a2 25, PAK global Fl nonlocal Qfnf 5% 285 #i i 45
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)

5 PR RS i 2

After local assignment: test spam
After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam

In global scope: global spam

J

R, BEREE (EREE) N scope_test ¥} spam [F)H45 . nonlocal BUEINEE T scope_test ¥}
spam W4, T global M{A MU TR E A .

AT LABE R, AE global B2 1T, [EVE % spam )4k,

9.3 # R class
Class [EIfI— S 308, ZMFMDLERIE, DAK—HiiEE.

9.3.1 Class definition (%g[FsE) Eix
Class definition & & BB U0

class ClassName:
<statement-1>

<statement-N>

Class definition, HN[FE R EFR (def BUAI) , UWHAETCMAEMIERACHIT (RATAEURIE class
definition JCEE—1@ if BRI, jZTIZJ—E. )

9.3. # A class 71
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TELAERS, class definition EYBOASGE R G 2K UE R, HHMPUAX MR AR, ARRAH-— &
R G EEE . Class Py ek UE SOE @A —RE R0 5| Mo B, WET method (IFnY 1
— U, S E R AR

WA class definition, — i firs 2 WG e idsr, [EHARE RSES—Ek, B R s
SR A BRI a2 25 e AR, eRaoE S8 e (T 4 0 el =X 1 44

IEHH (A5 HE) BERY class definition BF, —1fl class # gl idir . JEA g 22§ (wrapper),
$&3% class definition BT ()44 25 IEIZS s FRAPGIEAE N — 8 s T A class $0%. JR 0 i) I 3 /I 3k, (FE
1A class definition 2 Hif ELAE R VE M) €18, FEUL class P14 @ pisidh 2| class definition fZHE H 45 H
I class 4 F% (FE&iFIH(E] className).

9.3.2 Class ¥4

Class P14 B Wi flES . J& 2218 (attribute reference) FI'E 44k (instantiation),

B bk % Bef ] Python TG J& 12 IBIIEMEREY: : obj.name. A AN E AT Z class P19k E L IFF
class {144 25 W BT A 124 F . FTPA, B0 class definition & AR 15 bk -

class MyClass:
o _— ﬂ}] ﬁﬁ é;’,_ El] ;k:g: ;’E T},ﬂ mn
i = 12345

def f (self):
return 'hello world'

ABEI Myclass.i Ml MyClass. £ #E AN EIES I, G5 E ] A 8o —F sk X . Class JE P
WA PABEFRIR (assign), FrDARAT DA B(E 3 MyCclass. i BfH. _ doc_ W2 A%0WEHE, &kl
{88 1A% class [H[EIRH =25 (docstring): "A simple example class",

Class F )1l f] T 20T (function notation) . 5115 class #){4 2 —MEHG 280, & I
i class . Blan (&2 Fid ) class) :

[x = MyClass () ]

7 class BB 01, (D6 LA SERAS RS .

HOMLER (THE ] —f@ class Y1) S, —EZ=0P0F. 2 class HETEA Y FRA 5 B #THYR
SERBIWIHIRE . I, class ATLAEFE—MAE __inic_ () BYRFE method, fRIEHE:

‘def __init__ (self): J

self.data = []

W class 3T __init_ () method, class EBiI{LErElH A class HHIHBFH _init_ (0. FIUAEE
MREG R, — B WL BT DA A -

[x = MyClass () }

WO, __init__ () method FJREEI T LM HMEMIA S| #L. EEMIGEET, Z4 class FHMLET TH5]
e ELEA _ init_ O . fBiltn:

>>> class Complex:

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)
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9.3.3 EHlM

BUte, eI AT EE GBI B I R SERE RS I AT RO A B P4 7
EORLE 4 (data attribute) £ method.

S 413 AL Smalltalk thffg [ECHISNE], DU Cor sty [ YRR, VORVBYEARTE B0t Al
bR, IS RGO AR & L BIAAAE . B, ANk = J& myClass 7€ R BilF- i @S2 B,
TR A 16, AR NEE:

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 R method £ FRELETAH: class. MR{EE3E, —MH class AR, e TH
Bl ¥ E method. Fr ATEFRMIRIBIFH, x. £ @—{EA 1) method 2, MyClass.f ;& —fH R,
Hx.i NE, MyClass.i i, {H x.f 8l MyClass. £ B A—KEH B 2—1f method ¥yt , A
ek

9.3.4 Method ¥{%
%, —1fif method YE B A% b Bl pny -

[0 1

TE MyClass [, B85 EE5E 'hello world'. 2R, [EEVG AELST BIIEN—{H method: x.f &
— i method #{4:, [F]H.7] AREFERUE A, 2 5P . S 2(E :

xf = x.f
while True:

print (x£())

HEE A hello world HEIRWHIE.

1 method BEIF IR T2 38 € #8AE AHEIFE? ARTREC AR R <. £ ) BERFn IR [EVA ALy g [, B4
£ BeRAE A T E— 5 B 05 B T AHEIE? B — 75 2 | oy ek s ] i ()4 44 e
519, Python 7 €5 [ B 4h——RIGHRET 1 BB BR EIEVA Rt .

FE L, RATREC &GS T8 % method [EFIRZ BEAERY, B FEr VR pa =X b i) 85— 185 | S5l (0% .
EFMB T, <. £ O BMPEZR R vyclass. £ (x) o —fRKE], FEI—{E4G n {85 ] #f) method, %
[ FA NP — {18 35 R R 5, HES [ #5083 (argument List) #73S7 RE , & 7E 55— {15 | #5BT 98 A #% method £ 51
Wi,

—fRARE], R TAR BT . W — R G AE R B M 2 B, S i SR Y class. W%
DA R class J@ 2, i H2— ey, RIS gy m e N F ) 2 AR @ o TR 2 5k
Wi RS | RS D ik W PRIy, EARR O (0 S | R B AR — BT 5 | R 5], (B8
FHRZH 5 | B 51 At e X o

9.3.5 Class REflE &

—JEARIE], B9 O A B A IR kL, T class S8 SR A R% class 1Y BT B L S B MR A
method :

class Dog:

kind = 'canine' # class variable shared by all instances
def init (self, name) :
self.name = name # instance variable unique to each instance

(HERET—TD
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(R L —5)

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

>>> d.kind # shared by all dogs
'canine'

>>> e.kind # shared by all dogs
'canine'

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy'

UNIFIAE B 7 & 48 Sty b o) — B ss T, SLSER R W Somurable P14, 401 list il dictionary, W & €7(E]
MY, BEIRE, THRERAERY ricks list A REZAEE—1# class S8 1, PHELS M list 15 gk
P A1) Dog BLHIBT =

class Dog:

i
e
N
pu |
&
=

tricks = [] # %

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

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

>>> = Dog('Fido")

d

>>> e = Dog('Buddy')
d
€]

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

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

>>> d.tricks # W TFERNHWIA dog £F
['roll over', 'play dead']

IERERY class 5% i RZ (o FH 2 11 5t -

class Dog:

def _ init__ (self, name):
self.name = name
self.tricks = [] # Eff’ﬂﬂ dog ﬁl/ﬁ list

def add_trick(self, trick):
self.tricks.append(trick)
>>> d = Dog('Fido'")
e = Dog ('Buddy')
>>> d.add_trick('roll over')
>>> e.add_trick('play dead'")
>>> d.tricks

>>>

['roll over']
>>> e.tricks
['play dead']

9.4 FERHMWLI
SR 4% B BB class ol FUB P04 DA e DB

>>> class Warehouse:
purpose = 'storage'

(HERT—TD
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(R L —5)

region = 'west'

>>> wl = Warehouse ()

>>> print (wl.purpose, wl.region)
storage west

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)

storage east

RORLE AT REBE method BLR B — N #F ([F([Es ) M. dugell, class Anf AR E1E
Aok R El. S b, 7E Python trENEAEAT AT REMY 7 vk, AT (B BEAUE R A B R
Blo (53—J5m, A C #i%THY Python FAE T DASE 4 Fa el B 11 40 11 (F) BLAE L0 BERpH P (O A7 I 38 0T DA
BELA C #5511 Python JEFETHE - )

& it %/ N/ ) OB P —— - (it T A 78 o AP F) ORLB P, T T B method 4y
Ak, JERE, FESGAI AR B C R R B R S B F, (BN 2E method RO M, GRS
RIS B —— PR, A4 AT AR D AR 2 R

7F. method i 2 HERTRLE 1 (BUH Al method! ) REVA TR, FRIEBLE I LGN T method Y] [E]
M AEEVEE method i, (EVA & iR i a6k ORI B 914 08

EH, VAR5 REE se1e. JEfEE RG] sels M4 FH Python K5 4 EA FHE
M. (AR, WRRERIEG], AR fEsNasnT ae s Bt Python Pt i EI vl R PESLAR, LT,
] AR — I AT B DR {5 A LU 15 B 11 3 25 119 class (EVRE 25 (browser) 23X,

AT —{EAEE) class J&8 14 (1) ek s -8R E) % class (O BE ) E 38 T — A MER) method., PR EF|WA—EHA
Fr7E class definition 1) SCAH i pR W48 E 4 class H ) [ A B 2 il ARG . il :

# EEEN T ENE R
def f1l(self, x, y):
return min(x, x+y)

class C:
f = f1

def g(self):
return 'hello world'

h =g

J

BIAE £, g Fl n #RJ2 class ¢ iy, [EFGEm 14, FreAM#E 2 class ¢ B method —n Hi g &
SEA—HRIY. R, EMEMeEE R R iz EE K.

Method 7] PAFEH i ] self 5|8 method &, WFEAYH At method:

class Bag:
def _ init_ (self):
self.data = []

def add(self, x):
self.data.append (x)

def addtwice(self, x):
self.add(x)
self.add (x)

Method W] DA FJ 8 — % o 2CAH [ 10 7 2 2 B I8 44 . B method A B 0 4 I8 0 ek, 200 & HE 2 3610
P4 . (class 7 AN €l FHME IR . ) BESR AR G 7 method Hr il A ds g 782 i, (A4
WA R 2 AvEn i He5E), %k import F 4t 4 FI ek it sk AN A, W DARE method DA M2 7E 7%
A F 3k 5 217 pR =R class T . 8%, 27 method 1) class, ‘B 78 Bl & 0 E FAE 18 (M 43 AE 3,
TE M, FMH A 2] method FHE 2 I8 H O class fY—LL4F R A
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SEEE R, FEEEE W dass, WATAREER npe (R[E). BEPAobject.__class__ #
W77

9.5 #&% (Inheritance)

WK, WUREAG TR, [class | S35 5 FF O A EASPAEE class, —1f# derived class (F74:8E)) &
TR AR :

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

418 BaseClassName WMHPEE FHME AT S a2, EL%AE B4 75 derived class @36, AL
# base class (FJRME) WA RE, FAHATEMERE B 2P AT, SE&RAH, Hln, & base
class JE7E 7 —(EARAL H g E R R -

[class DerivedClassName (modname.BaseClassName) :

AT derived class i& FEHYIEFE, HLFT base class AH[F] . 5 class YDA, base class GG, &
FETR BT 22 08 AR {0 SR 0 JB M S S 3% class 3R E)], JU G4 44E base class Hif s, R4
base class 7% St 2 A4 [ A class, B35 {H B HI) 0 (E b HE T

B 7~ derived class [ B FIALEIEIG $HE]> jE : DerivedClassName () €573 class [ —1{#F B 5] . Method
()22 BEBEARAT T« SHEIY class B IE G P8R, WIRFE, Y base class pyE R [EIA: Rk, WEE4:
TR, HI5% method )2 A ENT .

Derived class 7] DA 75 %5 H: base class [1) method., method £ NPMY [ —{ 44217 HoAth method FRE[FIA 43+E)
FI4FRE, BT PAE base class [—1{1H method ZENFHYAH[A] base class H1 g &1 7 — il method |§, i #n] RE &
1L 51— 78 25 ‘B 11 derived class H7[#) method. (%5 C++ 2 5%HFli: Python H1firf5 method B 2

virtualo)

—{fi £ derived class 7 %5 1) method W] REFHEY & A E 4K 7o 1 3 BL AR AR base class H 4 [F] 4% Fi§ 1) method..
B EENY base class [ method A — 1/ f& B 5. H ZEIENY BaseClassName.methodname (self,
arguments) . oG RS ZES WA H . G, HATE base class 7E4-I8/E 38, 7] DA BaseClassName
BEAFIURE, BTEA AR )

Python 5 73 {18 (EV 2 b 5 T DA T A 47K -

o fiff] isinstance () FIET—{AEHIHUE]: isinstance (obj, int) HAFE obj._ class__ J&int
WATHE int B, #RAEE True.

. @}—Jﬁ issubclass () #U@ﬁ class #%7K: issubclass (bool, int) @7% True, bool 7?5 int EI/\J
subclass (?iﬁ)o {H), issubclass (float, int) 42 False, float [EJAJZ int [¥ subclass,

9.5.1 ZEH#K
Python 3 8 £ BARKIIER . —{H 4 £ 1# base class [{] class definition F e KAG EkE T

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

<statement-N>

HRZHEET, EAEGHFE, RTLUERES, HR8KE parent class (KCHIE) @M, HE
FSHANE: WREEE, ARG, AREEEERWHFE class FOREF# S, K, Eah —106 58 =
DerivedClassName ﬁ%ﬁj’k@], E[H";E Basel aﬁ%ﬁ, ?ﬁ% (i@i‘&) T:E Basel E]@ base class EP{[’E%, {E%
INAEARIE S EG $ 3 (36, €7 Base2 35, KILJHIHE.
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L, ERMERE—LE; method WMFHTIET 2 E) eI, PASCIRY super () IOAEIFIY. SEfE 75X
TEH A 2 AR 5, FREIE I N —{H 5 ¥4 (call-next-method), H.HL7E B —#87K 3 & 11 super call
(AN ) SRAFEER,

By 20, HEZEERN I BERER - 2SR HIE (Hd %0 parent class 7]
PATE TSI class 32518 2 R I ASAFHL) o« B, BT class #BAEIK H object, [RILATAT £ EAE K 15 (L]
R T Z M F]E obect HIREES. [ET REH: base class B 2 R AFHL, B R TE B3k DAIE 28 0 248 51 I
JFEIAL (linearize): 4 B4 AR class B E AL ZE B AT O NIE)T: . AR parent H &Iy —yk . i f B3
f¥J (monotonic) 3\ (EEJE, —1H class 7] PA# subclassed (-FHHEIML) , TMAS € 5 24 parent ()18 548
FNEE) o 4827, & See k(s nt AT 58 T3k 7o . oA 2 EERY class iEWAE. L&, #ER
python_2.3_mro.

9.6 FAREH

[FLA ] (private) BEHISE S, $EERATEY)(HEIRBE B AP M, 57E Python U2 AFTERY. (2,
KZ # Python AR ASHRESF — BB : AIARE—RIRER A8 (W0 _spam) MERLHIE APT (JEHAR
A ) MAEAA (non-public) #4 (MEwE 2. JrksUe R E) . SRR E— M AR, o
AiEE, IRABATEAL.

WEAR class FAA A B CAT —EA R 1 (B sEES 44 R B subclass 7@ 3811 4 FEE 5% ) , & T il A2 AE o
—{lG PRI 3%, FBE) name mangling (#AG15H) . (EM4%RE] __spam (ZWIMHEFIE FIRE, HE—
B FE T EE) Y44 #% (identifier) €t SCASHL g 25 FIE] _classname_ spam, FEM, classname Fi2
EHHTE FIRE T class £ 8. HELE MBI class EFRZ T E, B EHEANS EZY T4
T SEEAL B G E R SE AL

& bzl
2 EFLA 24 R G B LRSI BELAR IA I (I

44 T 46 i 3 173 3 subclass 75 5 method i A IS class [FJ3#5# method FERY , 24 & BIMY . S0 2(E :

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

def update (self, iterable):
for item in iterable:
self.items_list.append(item)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :
def update (self, keys, values):
# provides new signature for update ()

# but does not break __init__ ()
for item in zip (keys, values):

self.items_list.append(item)

1 LB, B AE Mappingsubclass B A __update sk([EIFF, WAENEFIESE, HIEAE Mapping
class 1, ‘B &5 g & _Mapping__update, [fj £ MappingSubclass class H1, ‘B & #f %
_MappingSubclass__update,

AEERE, B R BESGE AGE R AN BT AR B R R A 1 S . BRI E T
CLRATRERA N, BPIATERR ST (debugger).

THMBER, ELEA exec () B eval () MREAAE AN GHEHH A class (192 FEHEIE I class; 51 global
BRI RO BEL,  RZRCR [R]BR A B A B B Je 4 4 i 4% (byte-compiled) [ .  [R]BR B il 86 1
JX getattr(), setattr() fil delattr(), PAMKEIEZME _ dict_ K,

9.6. TAFHEE 77
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9.7 #W7(L8A

g — @%ﬂﬁél, JAMUA Pascal 1 [record ] B C Y [struct], T DA — 2845 24 R EORHE F IR ARAE

—ile, AREEERA -

Pk e EHAMEER 2 M dataclasses:

from dataclasses import dataclass

@dataclass
class Employee:

name: str
dept: str
salary: int

>>> john = Employee('john',
>>> john.dept

'computer lab'

>>> john.salary

1000

'computer lab',

1000)

F A R R 5 R U E) ) — Bt Python FEHE, %
H[F) £ method. Fl4n, WIRARAE —MHEX
method [ class fEEIFAL =,

%ﬂreadllne

AAﬂEXQ read (
PAHEE -

T BilEY) method YPHLE A m.
method Jfr £ JEEH e& P11

9.8 [FIft2E (lterator)
S| H AiEk, R

__self

SN RE AR —H class ZRERAC, 1L class #id5eiZ Bk
b@@@ WA A AL T2 2ok, PRE AT DAE 55
e e i U ok, [E AR 3

SR AT method m () BYELBIMILE, T m.__func_ HIE#%

RECL A HE R B KR Z HUY) 25 4% (container) P14 AT DA £or BRI RIEST

for element in [1, 2, 3]:
print (element)

(1, 2, 3):

print (element)

for element in

for key in {'one':1, 'two':2}:
print (key)
"123":

print (char)

for char in

for line in open("myfile.txt"):

print (line, end='")

T A A 355 AT
KGR LENY iter ()
It method €& —F AL PRI TTE .
for K ILEE . fRn] DA E#E R 3 next ()

EgjﬁggfﬁnnHTv __next__

R L (. [EMRER A B AE Python v i vl b H VA — 8. 7EHEMR, for BUA
o LR W E R lﬂﬁ%#FE%%T __next__ () method, i

) #%551%F stopIteration fil4h, AEAN
ARIEIY _ next_ () method, BRG] R T BrEE 2

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>
>>> next (it)

00
>>>
T
>>>

next (it)

next (it)
ICI
>>> next (it)

Traceback (most recent call last):

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

€ & A}

N
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(B E—H)
next (it)
StopIteration

FEE L E R ARG %, ERE class IMABEREBITEREES T. ©F MM _iter ()
method 2R [ —{f A _ next_ () method (44, UM class B5EFE T __next_ (), A __iter_ ()
A PAA E self:

class Reverse:
"""Tterator for looping over a sequence backwards.'"""
def _ init_ (self, data):
self.data = data
self.index = len (data)

def iter_ (self):

return self

def _ next_ (self):
if self.index == 0:
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)

[ o B TR~ B

9.9 (142§ (Generator)

[El A 22— A g B i mERm TR M s mmE B w—r, B e 2
BHEE, G vield BUAX . MIRAEEVES EIFI nexe () I, BEGHE HIKEEBMAEWRERT (e
HOIS A EORHE DA B B — e AT bR ) o AT SBIBUR, B B ESR vl DA A 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

AT AT DA EVAE 285 52 iy 2, BB DA class 3B EIRBS A TE /G, A0 le pi—Hi i . i E Ak g
R A E LR RS, _ iter () 1 __next () method € [ B #k /- 7.

55— B S P R A Y, T R S AT IR e A A U I 2 [ B R A S A % ek X R
self.index #l self.data jau MR B il 5 8 N E 45 4 55 H IR .

47 6 B B 7 method FIREFAEAIRAE, WEVERSL IR, B2 & H8)5]% stopIteration, B
R gE e, (ST EUC RS i 4 5 s B S

9.9. [F]&4 28 (Generator) 79
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9.10 F42E:EHEK

et S g (VA g T DA RS B i S X R i SR AR X0, 97 A 8B Tist comprehension (H3 51454
), (AN EE ST AE 45 5% 2 E S s T R AR 5 57 RO B M R 5X (enclosing function)
oA P F G () A i B o o R 1 (B A 285 v S 1L, AR USRS il (HL SRR /D, L P A5 250Y list

comprehension ¥ [EJffi 27 Fo A

Bilhn:

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'

>>> list (data[i] for i in range(len(data)-1, -1, -1))

[lfl, ll', 'O‘, lgl]

i)
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Python 1/ i =X =L E

101 fERRFENE
os MUAHRHE T M-+ H AR MO B

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python313"

>>> os.chdir ('/server/accesslogs"') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

Bl import os MiJE from os import *, EAFEEGE RFARMA E/EZEER os.open() HHE
[El# K2 open () .

TER os wEANMISR AL RERE L)X air O Fl nelp () 2R 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>

B HER A H DRSS, shucil SR 725 fUT v I 1 -

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')
'archive.db'

>>> shutil.move ('/build/executables', 'installdir'")
'installdir'

10.2 {EX 2B Bt (File Wildcards)
glob BALHRML T — BT DA H 8 i 520 s S EIEAE R 5251 3%

>>> import glob
>>> glob.glob ('*.py")
['"primes.py', 'random.py', 'quote.py']
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10.3 &IS58

A T REAREFEEMG G . Eg|8e DL st (FB51)) BXIFHE sys BALAYT argy JEYEH . f
WPAF demo.py FEEE:

# demo.py 1§ %
import sys

print (sys.argv)

%T%T{ﬁﬁéﬁﬂ@ﬁ? python demo.py one two three E’\Jﬁﬁﬁﬂj

{['demo.py‘, 'one', 'two', 'three'] J

argparse WAL T — 7 5 (ET 6 1 20 B PR 6 05105 | B, AT (B0 A T TR — T 22 IR AR S8 44
SRR AT

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)

’E’S’python top.py ——-lines=5 alpha.txt beta.txt ﬁﬁ?é\ﬁﬂiﬂ’/ﬁﬂ%‘:, EQZIK@;{%‘ args.lines %ﬁ"
5, ﬂéfr args.filenames %ﬁ ["alpha.txt', 'beta.txt'],

104 ERBHEHNTREENRLE

sys BAHWA stdin, stdout, F stderr Z:JE1E. BI{HY stdout BT FIE N, 8 stderr W]y 2L 40
AU :

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

R EIA R E R 7 R AT sys.exit (0.

10.5 R LLH

re BHFRHLIERI RN (regular expression) 117 R BRI . 3 SR PRV () LU 3B DA S HRAEIRE , IERISR
R R LA S ARy 5 -

>>> import re

>>> re.findall(r'\bfla-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 IR, PRIV LA RO (B S, - ER AR BB method S HURXHER Y -

>>> 'tea for too'.replace('too', 'two')

'tea for two'
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10.6 Er=248R9
math FAHRAL T C R =5 A S ) 7 Bl G S A e X

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

random BEALER A T RERRRIRG T H:

>>> import random

>>> random.choice(['apple', 'pear', 'banana'l])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float from the interval [0.0, 1.0)
0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

statistics BUALIRML TR A RIEH A SR (G55, P, SEEESE) WIhE:

>>> 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 BLZ <https://scipy.org> A 722 8E 5B AH B A4 .

10.7 #HEETFH

Python s 34 17 BUARHG DA S S RABA 2 . TR WL PR 4295 ur 11 request BUALTTDAGE4EHE
WURZORIDA RS omep 4 1] DT A 27

>>> 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 sStr
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', 'Jjcaesar@example.org',
"""To: jcaesar@example.org

. From: soothsayer@example.org

. Beware the Ides of March.

mmy

>>> server.quit ()

(SR R 0] rh 77 e A M AT — (B T e At )
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10.8 H HA B By ]

datetime BAHIRBLRF L class AT DARAE H WIDA K IRp[H], 8 filf AR (VAT A o AS0AH X9 1 S0 Bl ] ) JEE 2T
TIPS R A R B [ET AT 2 i E A% A DA SR A . A B A3 S ey I (F 1) S

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%$m-%d-%y. %d %$b %Y is a %A on the %d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> birthday = date (1964, 7, 31)

>>> age = now — birthday

>>> age.days

14368

10.9 BEIEH
5 ) AR R A DA B JER A b U A B SR M. 06 z1ib. gzip. bz2, 1zma. zipfile P\ tarfile,

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress (s)

>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> zlib.crc32 (s)

226805979

10.10 FEEEA

A7 —4& Python {1 FiJ 5 AR AL 1 iRt 7 A1 L P R ) BE A vk R RE 2E(E). Python S22t 1 R A R AE2E B T
H

>~ o

BOPRE], AATREE M tuple BT @R A TS | MAE EAR . cimeie MBI AT PATRGH I fE
ANRLRERAIEE A -

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1l; b=2").timeit ()
0.57535828626024577
>>> Timer ('a,b = b,a', 'a=1; b=2").timeit ()

0.54962537085770791

AR t imeit ARATIRALEEANAORLE , profile BIAHPAK pstats AL T —2ode KA R AR A i
R R P L B 4t 1 [ 8. (time critical section) {19 T.EL,

10.11 REIEE

FEF RO A — B3k, R B R R R U B0t DAHE B B AR rh R B B 1 L 1l

doctest BUAHFRAL T TH, fRABAL EMR A P E R SO A A T IR, 1857 Tt an ) f B
HEE IR K gt AR S RIERG B2 Scr . iR gt s N, el TE S, B
doctest FEAH e R ARG Y A5 AHLERIE SO F— 2
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def average (values) :

"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mwn

return sum(values) / len(values)

import doctest

doctest.testmod () # automatically validate the embedded tests

unittest BAING docrest BALTEMA ), (2B iR DATESS Sh—(iAR S EH R o SE By Bt 4 -

import unittest

class TestStatisticalFunctions (unittest.TestCase) :

def test_average (self):
self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round(average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

1012 F4ERHEE

“Batteries included” & Python [ a% 5147 8, J& I BR& T DA 0 ] 2 1 R BLVEM:, BB B r o
e, AASEIEIRE. Hiln:

. ﬁﬂfj xmlrpc.client ﬂ] xmlrpc.server *ﬁ?ﬂﬁ%f/ﬁﬁﬁﬁ“ﬁ%?ﬂ¥nq§éﬁgﬁf§% ° EM%*E?H/@ *E}
A XML, i 5 R 55 E B AR XML A 2 53050 B A AH B

o HEUJEE email £ {4 A4S MIME At REC 2822 # B & 3 (431 A [ S0, AME smtplib
Hl poplib i SL B PR H ACEE 24 B GRS AR A, email B8R T 52 80 THAE, W] f it gy B
fRASEEGE S (AR SR) DASCEAE S il S E 1) 22 .

« json B{F¥ JISON ERPZE A FINT, SRLEIRK SR . csv BAHAERHLE HRE CSV (DAZ
e PR S, G BRI B R SR ) . xml.etree.ElementTree, xml.dom Hi
xml.sax B XML (R B, SRBUITA, &@LUl A AR L T Python 8 AR U B Hfh T
R [ E e E,

o sqllite3 BiAlJE SQLite EHE pR U B — g e, @Bt B3 APERY ERHEE, T DARE IR R
FRUERY SQL SHIAZCE B AT HUBT AT I .

o ARSI BELAEAL, AT gettext. locale fll codecs &L
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Python 1R/ iR =X BT E—F — &R

5 R R S 2 SR AR R T R A A . R SR AR A B/ NE A

11.1 &1t (Output Formatting)
reprlib BATIRME T —(H repr () MIMIAS, LI A DATTAE A T2 DR K 2ol 4 e SR 7 2

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious"'))
"{'al, ICI, ldl, leI, lfl, lgl, ...}II

pprint A AESETEAI G & A @ P AR AR ER s B, B H2 A ERERR aTmin . 4R
AT, [ AR ] e AEVTRIAEHE, DATE VS A bR OB -

B

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'yvellow'], 'blue'lll

>>> pprint.pprint (t, width=30)
[[[['black', 'cyan'],

'white',

['green', 'red'll],
[['magenta', 'yellow'],
'blue']l]]

textwrap AL BEEME AL SORIIBLE . DA AR E I A R -

>>> import textwrap
>>> doc = """The wrap() method is Jjust 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 fill ()
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 HAH BEAF 18 & K5 S M B GRS A &R . locale A AY format pF X H —1{f grouping
JEE, T EB A BEAT (group separator) % B 4% k. -

>>> 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("¢d", x, grouping=True)

'1,234,567"'

>>> locale.format_string("¢s%. 7", (conv['currency symbol'],

0o o conv(['frac digits'], x), grouping=True)
'$1,234,567.80"'

11.2 {#&E#R{t (Templating)

string S — L INEEN Template class, FRMLHMLTAE G (T FETRMER . EARFE
MFEHENE ORI, (ER SR R UL

Ty SR M EINLAF 5844 7 (placeholder name), “EJg 1 $ Il EAr¥ARY Python sl(EIFF (F-6k. BepAi
TIRED) M. O A 9% L B VAR 98 A SRR e AR T b S 2 (P BRI T R A S A% . B s
Eaa gl R STHEE

>>> from string import Template

>>> t = Template('${village}folk send $$10 to S$Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund")
'Nottinghamfolk send $10 to the ditch fund.'

1 92 dictionary s [ B 7 5| 0o oK 40856 E) o B BE A9 1, (D) substituce () method #4358
KeyError, ¥ HVESPF 4 [E) (mail-merge) KEUELA0 HE FII RSt , G 11 41 0 O VORLAT W7 AR 528610, I
FEIE T sae_substitute () method @ SMH— WIRRRHIED, AP

>>> t = Template ('Return the $item to S$owner.')
>>> 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.'
J

Template [] subclass (FHHE)) Al LASESE F w8943 B A5 5% (delimiter). $1n, — AR (ETSE &5 ) o g
4 UEE, "D A R EIEEAE H . B ok e SR A R 5

>>> import time, os.path

>>> photofiles = ['img 1074.Jpg', 'img_1076.jpg', 'img_ 1077.jpg']
>>> class BatchRename (Template) :

delimiter = '%°'
>>> fmt = input ('Enter rename style (%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 (' ——> {1}'".format (filename, newname))

img_1074.jpg —-—> Ashley_0.]jpg

€ & A )]
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(B —1)
img_1076.Jjpg —-—> Ashley_1.]jpg
img_1077.3jpg —-—-> Ashley_2.]jpg

PR R 3 — M, e i e S ey i A A B 20 BB 2. SE st T DALE) XMIL A58 . 45
TR HTML 48 R E B RT IR .

11.3 —iE#HZ £ HE (Binary Data Record Layouts)

struct BALHEAL T pack () Al unpack () B, FIHAEEHE AT S B B ) O HlRCEAS . DAUREIGIERT,
WHRIEAE ] zipfile SAARYIEEIR , i A ERE EVE {1 ZIP #5515 & # (header information), JEE
ARG mEn A e ARTEVAR P AT DU AR 37 G AR Y S 45 58 8K (unsigned number), <" FRE SRR
N, [EM /N (little-endian) 37 TCAEIE )T -

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', data[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = datal[start:start+filenamesize]

start += filenamesize

extra = datal[start:start+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 Z$#77# (Multi-threading)

UATHE T A AR MEP K (sequentially dependent) 142 {8 (5 1EAT A (decoupling) HFEMAT. i H
MAEBAETT ST, A T4 TT DA 2R TH I R s e eSO 1 2 i AR B SERE ) —IRAHBR R
Bk, AT VO WFRE, e — T TR

PATTREUISEUR T PR Y threading BEALINMTAET RIEATLHS, i T ARSKIR] R AR AEA 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,

1

w', zipfile.ZIP_DEFLATED)
f.write(self.infile)

f.close ()

print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip')

background.start ()
print ('The main program continues to run in foreground.')

€ & A}
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(s —H)
background. join () tERERAEGER

print ('Main program waited until background was done.')

ZHATHEIE AR R FEP RS, S 2 M R s PR AT 4% . (B, threading AR
HET Z A 5] 26 B P 5 15 W) (synchronization primitive), fU3548H (lock), ZE{: (event). {&{4:5%#, (condition
variable) FI5E[E] (semaphore) .

EgE L THARE, (AR/NAEEHE R T fe s s S D VB A . BrPA, AR s il i 3 ¥
&, A B EENAREE DR E AT, REMH queve BUAH M RZATAE B A B HAME T4
FgeKk . AR H A oueve W T T MPEE MG, G5 RaE. o, HalHE.

11.5 BEJEEE] (Logging)
logging FATIRALLN AR 4 HLE MibEn) HIERE RS . AR EAEET, HIERUE Erhi% s R

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')

EEEAEA T

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error —-- shutting down

TEEREE, ERlRBREER G BUR , Hl Sl s 6 2 MESE TR (standard error). Ho At 88 E AL
$&, ARSI R IR, ERR (datagram), AL (socket) B¢ HTTP fal il . H7Ada I8 45 ol AR
RS ESEIEF, SRR E B H (routing) /5 =,: DEBUG, INFO, WARNING, ERROR ¢ CRITICAL,

H [EVREV A 466 T DA L4408 Python FEE, A0 AT DA A BT # 7 40P Al 4 DAREF 26 kg H (Fd
[E), 1 235 SR e T

11.6 555|F (Weak References)

Python & F B TRCIGHEET B (38K 2 B 134T 2 IETH (reference counting) ([EVfl il garbage collection
HIHBRTEER S ) . H— (A2 IR R R, RIS R

Iy SR 2 e AR A AR R, (L0 T 0 75 AR 0 T R L A A e G T IR 5 B [ E 1.
A, [EEFURBEEM, ey —fEE MK AL (permanent) Y2 M. weakret BIAHFRLE T
Huf DAL 2 BURREBEW . a0 A PR S, B8 H B 555 ] F1 3K (weakref table) 1
Tﬁijﬁ’? , [EIENSS 5| 40 i 88— {18 [0l (callback), St 24 8 Y A0 435 5 47 (cache) A48 AR () &3 £ 470

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ repr_ (self):
return str (self.value)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()

>>> d['primary'] = a # does not create a reference

>>> d['primary'] # fetch the object if it is still alive

(BT —15)
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(R L —5)

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:/python313/lib/weakref.py", line 46, in __getitem___
o = self.datalkey] ()
KeyError: 'primary'

11.7 {EHM List iy TH

2 BN R BRI OR, WTDAZBE Y st (A3%1) ZUEVAHE . EU2, A IRFHL @ RS AR I 25 T
&, TE AR A,
array BARIL T —M0 arcay Y905, ERE list, (B BEME RIS R HLRE S U AF . T THI Y S 1) Ji

R E A S (array), DAFIE AL TCAH Y ME4F 5% — 380 (unsigned binary numbers) [EJfi 77 B0 (BILAS(E]
"H"), TAE Python B IEA] list v, AR X H il # 1 16 8 (7 CAH -

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[l1:3]

array ('H', [10, 700])

collections BEALERME T —fl deque W1, EARRE list, HAE/MMA (append) FIFHH; (pop) [ JEE
P, TTTE A R RS . SRR A TR B E)SY (queue) 11 B2 8 548 24k (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 ZEAEDASL, sRBBARME T HAL TR, 0 bisect AL, HA REIEMRAE sorted list (CHE
FFEg]) feRa:

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapg BALRAL 7 —2upgaX, REELHRIEHRT list ST VEHERT (heap). dR/IMERYIHH EKEMRIHEN B . ¥
R—SEHR R L YAFUR/NTTER (AP REAR List AT HE O AR ORE), B & mRA -
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>>> from heapg 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 +i&#I;ZE EE (Decimal Floating-Point Arithmetic)

decimal BLAIRML T —1f Decimal RORMEZAL, FIH 1l il 7 M BOE . AR IOR () e ) V7
£loat B1E, % class FFEHH A T 9155

o Al P R R At R v e AL RO E I B AT
o BPVRTHESE (precision) f

o FERIPUETIA, DA R i ol B A A

o GBEAR/NMEA L (decimal place), 5

o N S R R A R LT TR AT Y R A

BN, BEEHE 70 S5 TR FE RN b S % BB AR, (T T B Rl B, AT
MBS . WAHERH R RIUE AR R 365y, Wi 22 E g s

>>> from decimal import *

>>> round (Decimal ('0.70') * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

Decimal HYEAA R G R EAHIE, e A A i (7 B wo e B By 41 B b A DU {1 255 (3 o)
Fefit. Decimal " ATE BT TRMGEAGTAL, DA G () A e i V57 S0 S ek vl 2 s 1 3 ) B e 2
HO T AL

WEREI R A 15 Decimal class REEIHUAT N 3t i i B OANTB I A LR B0 AR S5 MG -

>>> Decimal ('1.00') % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1")]*10) == Decimal('1.0")

True

>> 0.1+ 0.1 + 0.1 +0.17 +0.1 +0.2+0.27+0.1+0.1+0.17==1.0
False

decimal LA A HRALE T 20y 2 EDR L -

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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P RigREH

12.1 &4y

Python [ FH e =i 5 & 2 ANTEAZHE R B A B AIASEAR o 8 P e A R A% 8 95 5 LA ) e
Jat, R B 1 e P A T RE R SRR R Y SRR B T, s 3 {1 O P A R AR o R A 1
T AT -

T8 R AN K] B2 —4 Python st nl DA 2 A ME I RESXA 205K, AR B AR 2K A 5 2 — 45 E 1Y
B 1.0 B, (BS54 MR B F52 2.0 iz, ARENE R TR 2246 1.0 w2 2.0 #RErffse, DA
o R R A

RE] )y 202 N —EEI5 3R 352 (viral environment), ia 5&—RB LR ERE, B BLEIR 4 T e A Y
Python, DAK— RSB EN.

AT F R P R AT AR A [ Y (EeBdss . DARA PR 2@ B ol b, AR A eEEA EH T
WEBER S, [EH 2260 1.0 i, SR AR B HIAT DA o9 Sh— M4 2.0 i EeR s . 22 e
A B LA R TR 3.0 i, SEEA g S AR A BB

122 BIUFRER
1 S o7 B SR SERHE O BALI veny o venv J§SHEUT 6 1) Python JiLA (1] ~—version BT
HAHY) . BIIGER pycnons. 12 BT SIS TR 312 LA,

e EWR PRI k0, FEARENE 2R EEEE R e 2 4%, PAIEIA (seript) #4147 veny BUAHIEI Hig
SE BB A -

[python -m venv tutorial-env ]

il[]% tutorial-env Kﬁ?{lﬂ’\]%ﬁ, ﬁ@@j tutorial-env ,‘%7{5’}%, Hﬁz@?{ﬁ@z~ﬂﬁ]ﬁ Python
AR I EV AR LSO [vl 1) S PR G2 1) R

[EUBEBRISE Y 3 R e AL B . venve SR (A48 FROE N & % ORI JCTE ARG shell FPORFRRRREL, PILIE RE
2 BB ] AR RE B AR R I, A e AL R 4. O AR R B AL T R SR« env BR5T4E
WUE SR R R

— HARES. T —HEEESE, R AEEE .
1£ Windows &5, i :
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[tutorialfenv\Scripts\activate J

7 Unix 8 MacOS #%t, {fi/:

[source tutorial-env/bin/activate }

(52 B L2 633 J1 7% bash shell, WIEARGEI esh 5% £ish shell, JEE MBI AY activate. csh 5
activate.fish Zlio)

(E 5 () e it 455 4 o5 5 AR 17 shiell $2 78 7 70 A B AR E A2 68 i (B e a5, () ELAG S B DA AR FE LA T
python [ I AFFEIHEE ) Python JiAS, Bil4n:

$ 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/1lib/python3.5/site-packages']
>>>

PR, A

[deactivate }

JR #e st e

123 H pip EEEH
YR DASE ) — R U pip FIRER 4 . TSR BN, pip TG E Python Package Index Z#E &,
PRAT DA 18 AR Y 48 1 [F)E 25 ()% Python Package Index .

pip B %M Ty “install”. “uninstall”, “freeze” Z54%, (A]PAZ % installing-index 3555, HKEUE pip 1Y
SEREEII S )

YRR DA 45 5 1F 4 7 AL B RO R A I -

(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 I TR 40 2 A4 b == MBI A 8 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

BRGEHRIAS, pio CHEZIRACERAED, KEMHEBRM. IR DR R A A 1
SHFFIRA, SR TTAHAT python —m pip install --upgrade AHUEPEFHIERH NI

(tutorial-env) $ python -m pip install --upgrade requests

Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:

€ & A}
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(B —1)
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

python -m pip uninstall fRIHHE—{H 022 MHE 4 R A EBERR A BBt
python -m pip show A DABEZR —{RIRFE B 1FH) BRI

(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 @EUREBEERE T ITA C &N EN:

(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 R[PAFIE MM E L ZHERNEUEE, (28 H python -m pip install
Al AR A . — R A 2 GE R B B —E Nl requirements. txt RS :

(tutorial-env) $ python -m pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

novas==3.1.1.3

numpy==1.9.2

requests==2.7.0

requirements.txt ﬂ%%iiﬂﬂﬁl‘?ﬁ%ﬂ, HVE%%EHFEH%?‘FEEEE‘J*%MJ\O @iﬂq%ﬂpj\éﬁ install
—r BHHER S

(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

J

pip A ELYIAE. WTPAZH installing-index $577, AAFEREN pip EHISCHF. BVRRE T —MEMHE
HARZEEEEAE Python Package Index 7] PABUS RS, W PAZZ Python packaging user guide.

12.3. F pip ¥BEH 95
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cHAPTER 13

R I RBE L) 7

(ETRE AU REHS R 3 A () Python (1 Lk
B . A MREIER s 2 e ?

AR Python SR —F4) o i SR HAB S 75
o library-index:

Wz MEEE G FE, et T8 (EfE8) M2 2R BE, bRk X E(E
FIRIAH . BEMERY Python BT RA €6 & K = MR MG . A LeBigh vl DAGEER Unix {545, il
HTTP Stz 3ot ARl . M S55E . A akt. Kir e Hfrg. BEmEs%F
(R DAREAR T A W LA m DAF

o installing-index : [EJHH EELf# fee 1 22 2 H A, Python i F 2 i 4 85 O A4

« reference-index: Python A AKGEREMIREANEINT . 38 0 SCOFEIRE SR g A ez )y, (AARE—HeE &
A G r e R AR A .

¥4 Python [ &I :

o https://www.python.org: Python f{] 3= 22480y . B SRS, SCH A SGH 45 5] Python A1 B B 48 & .

« https://docs.python.org: He#i5H R Python B34 .

o https://pypi.org: Python Z{425| (Python Package Index), 2 Wijth#[EIfEF) Cheese Shop', [FI4& T fii

JA# B8k Python B RS, [EHLOLBAREEIR Tk, — BLRRAREEEIRIBI AR RS, T AN B 2
1 EE 2 EEE b AR5

« https://code.activestate.com/recipes/langs/python/: Python Cookbook & —{HAH % KINAEAAELE , U5
AAGH . BRI S R ENA o RREIE A5 1 2 BRI g 86 7E — A< 44 [E] Python Cookbook
(O'Reilly & Associates, ISBN 0-596-00797-3.) fE4EH,

« https://pyvideo.org FEMF RS € B2 HFAL R @ [EMCAE B Python MBI Aoy .

« https://scipy.org: The Scientific Python 5@ — (Rl {0 & JiT i s [ 91 RS B A OB, DA B T
EMEAC . EAZERE. JEEMRig . ST, Sataid— R0 e,

4172 Python AH B 1) B [ L B W1, VR AT ASRIG T BIRFAL comp. 1ang. python, B E % £ python-
list@python.org FYTH A7 B (mailing list). g U ALLRIE0 2337 B2 AR M T, DR RS MG 21 HE P O S (R0 1
Bt — . BREABOATEINER, s () M. deih s s BB, #e
17 B Er fEARAE https://mail.python.org/pipermail/.

! [Cheese Shop (#Z)E) ] /& Monty Python (¥ — {58 : —NREFIEA—GRE)N, BERLEHERLE, \EsEEs 4.

AR W % A 18 26T Python ACBEITE BT AL I B
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TETRIGZ B, 5 CHERE MR A LS (pfsE) FAQ) E A BAE]. FAQ 7l Hh SR 2 i 1Y
BRRE, ARz MEE 20RO REMEN L.

(%
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cHAPTER 14

BN\ AREE A1 s AT D& (L

7 S AR Y Python B R 2% 7 3% 5 B i A EI 2 ) s A EE S 5t [E)i 2R (B (history substitution), 4H{LI7E Korn
shell il GNU Bash shell 13158 . EMEPHEEH GNU Readline pgxQBEAREAE, T 1% 2 4 5 1Y) JEURS -
EMEXEA T H OB S, EEERMMAEET .

14.1 Tab B E)5A% (Tab Completion) 0 sh 52 8§ (History Edit-
ing)

TE s DI, S ORI R B B 5 BE g A BIEIN , FrRAVT AN Tab SEACHEN 5 B 5¢
JlpR s E g AL Python HBROA ARG AT I I B AR AN il AL R . BB string.a HUES
7y B 55X (dotted expression), 'E& Hf R . ZHTHYIEE AORML, RERBOREEE R 1F0 8 1,
HTHB MR SR, WR—MEWIA __getater_ () method (J7¥%), [AJl 3248 5
— by, SRR E AT IE AR B e AR U . BRGRE B Er fR I 4 2R SR B R AR 3
%ﬁﬂ%ﬂ,*@%E-WWmuﬂ%MY%%$¢oET*%E%E%ﬁﬁﬁﬁﬁ,E%ﬁi%ﬁﬁ%
HTPAE I

142 EHXNEFSNERTE

SLELIIACAS Y ERRRS AT EL . RO T RERY t BLA A — 8 EORRIE D s (82— SR B EA i 8 : 4n
RAETERF I ENT IR T S AR (RUT S (parser) HIHE N —1T 2 6 F LA HFERHC (indent token)) |
IRRSEARE T o B¢ ] T RE & A BRI AT IR . A M o i (e =) #5598 51
SEMUHALFF RIS, IR ERA .

AR ae B BB X E SRS AR, CRAAE—BOH, RE [Python, B HA Tab #H 8585
PR A I I s S EVE B SAR 0 . BT PASE 2R EMLE R A 2 HALRE AR . 55— 80
HAEH B (BREE, FE bpython.
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cHAPTER 15

FROSUER . AR

TEFTEMEIEAE T, 77 B (floating-point number) & DAFLEE) 2 (3E47) /hkoR . AN, 761
/N 0. 625 TIHE4ME] 6/10 +2/100 + 5/1000, [AIBRAGEHE, —iEfi/NEL 0. 101 AIEAME] 172 + 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

eI, B A S WO . DASM S /3 (BB, AT DA HI (B E it o

G )

e 5 S bpUR S

= )

G B S bpUR S

(s )

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

{0.000110011001100liOOllOO11001100110011001100110011... ]

HBLREAEAT AT A BRI AL, ARt RS20 M. MiBIE K S8, RS0 a5
O, Hop R B AR ICELE, 53 MAeEaR, AR A BRI FE . 78 1/10 [
T, THEIr8E]) 3602879701896397 / 2 ** 55, TiEMKAIFE /R T, (HARSEEZRN 1/10
A B IE B .

MR BE BRI X, R 5 [EEA % BUM(E 2 T RME. Python W@ HIHH—(E HiE L RUE, JE
PR T A AE RS Y AL DME R ELE T . AR Z MRS, An2it Python B €1 E]
SEREINTIECIME, HFORRAPTERT A 0 0.1 i X CLEMUE, e BURE:

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

T8 H— NS R SR 2, FrRA Python (7 SR FFE R A Z A0, HBIR & AR Y BUE:
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>>> 1 / 10
0.1

— BB, MEIR BV B A R ACER R R 1710, (BEIEREAFRBUE R BEFOR Efi i, med
RS THE B B

HlR R, AFFZ RN EE, 3R F— M BT f AT M. BlnE: # o.1 Al
0.10000000000000001 1 0.1000000000000000055511151231257827021181583404541015625, HFH
3602879701896397 / 2 ** 55 i{bl. HHATE AW i BUELIE ] [R]— R ARMEL, AT AT — R BEER W] A
BHUR, [FIRFOREF eval (repr(x)) == x.

J& S |, Python f$2 /R85 IC (prompt) BL[EIE Y repr () pRZ G522 FEZEIBA d A 17 A 35007 T 85
0.10000000000000001, £ Python 3.1 it Bil&, Python (ZEKEB/HIERSE L) HAEGE BRI T 548 3 (E
B RE 0.1,

R, B T OLT R MR AL, A2 Python RYSER (bug), HARARFEMEISD. Hufs
AFhE A R EEF RS, (SRR LB (g GRS R A i T
%22 E, AR R BT HUR )

(IR SR T, PR AT REAS A T H3 A% 5L (string formatting) (F1AE B A4 2507 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 MREZRNE, EREERL, FHENFRRR LI REA B S A IERG &
wHfE.

EHELIE R EEE N L8, S R(E, 0.1 RR2EIER 1/10, fB=A8 0.1 fYMEAAN, A E(E
HEREERY 0.3:

>>> 0.1 + 0.1 + 0.1 == 0.3
False

[F] ¥ 0.1 AREFFHEEUTRGIER) 1/10, 324 0.3 REEFFEHITAEMERY 3/10, FSEM round () BRI
AER GG HEHE):

>>> round (0.1, 1) + round(0.1, 1) + round(0.1, 1) == round(0.3, 1)
False

HESR AN G PR B P RS MEBUE, [ math.isclose () BRZTT DA AR LB R HEM {8 :

>>> math.isclose (0.1 + 0.1 + 0.1, 0.3)
True

5, AIPAMEH round () BRECARK BRI 1) AT (LM :

>>> round(math.pi, ndigits=2) == round(22 / 7, ndigits=2)
True

TN E AR TR A R BRI, KT [ FRTERRZE (Representation Error) | FEfffi, i A MR
BT [0.1] BYME. Examples of Floating Point Problems (77585 [ 0] ) — SCHRAL T 37 22 B 8y
A S BB o S D, A R S PR BTS2 SRR 1 DA% The Perils of
Floating Point (772 # a5 )

W) ESCRABRIA , [ 1 ARG B %) R, WAL SEEEE EEE.L ! Python 1) float (37
B EE R ERE, RAGT B RARINR, TTERZ BRI L, GRS R B2E R N R
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2453 4y 2 1. dEERZ M ERREIC A EE, ERFERME, EEHERAER, HAF—K float
SRR ] RE B R R B A SR

SRV BN RE T A S I, (B R EN, QURR R RS R BURE, DA ey
AZFEMRN #, ENEEIREDNER. ste O BEEEER EER, M BEEAAER S, "
2[F formatstrings 18 str. format () method (J5%:) MM FHH .

T ERHEAEAZIRA NG, ATUARE ] decimal BLAL, &R EAFIE A € i A xC B b ke
JE M AR A - O R

53— S NG MEE ARSI fractions B, ABIALE A BLBCREIEES (BT DO HER R 1B
1/3 BHHHT) o

WSRO B A B, ARIERZR — T NumPy &, DA SciPy SEEHR L2 M A
GintELER R HAEE. F5S(E <https://scipy.org>.

R ET, FRA a9 AT — 1 float (1K ME A, Python 4L T B W 5 B 3% M. float.
as_integer_ratio () method W] }}—1{W float [F{H K RE4

>>> 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 DA/ it (BEM(E) 16) Fi float, —BRAT A% HAREY B T i A7 AR AL -

>>> x.hex ()
'0x1.921f9f01b866ep+1"

TE TG TR 7N HE LR TR AT G HE L E 2 float {7 :

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

J

IR % 2R AR RN, PR R E AR [RRAS Y Python 2 [ I SE i MR (B R R HFH),
SRR U AR (1 JAVA R C99) 22 EIE Rt

F—A A TER sum() K3, GELERTEAAREEAE SR IR . B 2E T P A4
B, EEiBE [k2m 078 (ost digits) . 38 7] DARH B AL BE HERE ST (overall accuracy), HfSRR2EARE
i B RE R 5 B AR E HE R R

>> 0.1 + 0.1 + 0.2 + 0.2 +0.2+ 0.1 +0.2+0.2+ 0.2+ 0.2 ==1.0
False

>>> sum([0.1] * 10) == 1.0

True

math. fsum () SIS BUE B ELEA TR PR RHBERT A [REMAE], DA RER K
EAe B sumO) 1§, EFEARE RARHET e, EEmEEDT, KRMARSMEN, &
AR

>>> arr = [-0.10430216751806065, -266310978.67179024, 143401161448607.16,

. -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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(R L —5)
>>> 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)

A e R 10.1) pafil 7, [EENRE O SRR BB TR T . DA GRS i
(TR CA BAR R

Representation error (FRiEinzs) REEEEEEY, 2 (HBLEKZH) &M/ NERGERE
HPA TN (R 2) /NEEER. 3852 Python (8f Perl. C. C++. JAVA, Fortran f1HAlZ %) @E A
G FUR VRIS R HE T8 LB ) R A .

(BT ? 1/10 HERAEUEHL A 3O/ NBURE R . 20 HAE 2000 4EDAZK, %7 Fr A T A% E
{#i fJ TEEE-754 % 2o B0, [ H £ T4 9 7- 585 PA IEEE 754 binary64 A2k HH ) [#K5E (double
precision) | ZRAEE] Python [#) float, IEEE 754 binary64 [{E A2 53 (i TCHkS B, FrDATES ARE , S5 er st
J130 0.1 SEF| Fe i i 8, DA JI2%*N TEER, R J R IE A 53 (o, nTRAS

[1 /10 ~= 3 / (2%*N) }
HEE:
[J ~= 2%*N / 10 }

A2 E] J AAEUERY 53 70 (B >= 2++52 fH < 2%*53), DA N R AEE 2 56:

>>> 2*%*52 <= 2**56 // 10 < 2**53
True

HHY, BEJ EEA 53 AT, I S56 e N ME—{H. T J Fef TR BE U SO B AR BRI

>>> g, r = divmod(2**56, 10)
>>> r
6

HURA AR B 10 BY—2F, BT AR EE R 1 (DM e i i (o2 M 45«

>>> g+1
7205759403792794

FVA, 7E IEEE 754 #HEET, 1/10 fiR R PMER :

[7205759403792794 / 2 ** 56 }

A5 TR RERIBR DA, e

[3602879701896397 7/ 2 %% B J

FEYER, RIRMA AL, FTRABEEE L 110 KT8 WURFMEIE AL, TEUKEa BN 1710,
{EAEATA S E N #AS Al 245 22 a9 1/10!

FreA RS TEREA [FE] 1100 BRI R LA 8, g2 aEF5 2 1Y TEEE 754 double fieff:
AT :

>>> 0.1 * 2 ** 55 }

3602879701896397.0

W% 7 WO A 10%+55, BT DAR BIRZ(ELLA S5 R i B Jis -
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>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

8 F R B ATAE T I v RS VA S 2 11157 £ 0.1000000000000000055511151231257827021181583404541015625,
R SERE ) T, B2 EEE ({035 Python [WEEIRA) S4B 45 R A S 17 (A4 R

>>> format (0.1, '.17f'")
'0.10000000000000001"

fractions ﬁ@<decin@l,£%§ﬁﬁﬁ ﬁ%%g%f;%ﬁ%ﬁ%%§f%i

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction(3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float(0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

Bt [

16.1 EEiER

There are two variants of the interactive REPL. The classic basic interpreter is supported on all platforms with minimal
line control capabilities.

On Windows, or Unix-like systems with curses support, a new interactive shell is used by default. This one supports
color, multiline editing, history browsing, and paste mode. To disable color, see using-on-controlling-color for details.
Function keys provide some additional functionality. F1 enters the interactive help browser pydoc. F2 allows for
browsing command-line history with neither output nor the »>and ... prompts. F3 enters “paste mode”, which makes
pasting larger blocks of code easier. Press F3 to return to the regular prompt.

When using the new interactive shell, exit the shell by typing exit or quit. Adding call parentheses after those
commands is not required.

If the new interactive shell is not desired, it can be disabled via the PYTHON_BASIC_REPL environment variable.

16.1.1 $EEREHE

TR ER A Ay, EEA e O SRR A . AEE B, R B R TOC B
AR EH RS ZERE, B B HEE ] 4% DAIE SRR 1R B8 (nonzero exit status) iR H . (Hi except FHJTE try
BRIA S P PR B AMEE TS E R AR 8wt ) A Leghet R AR R, SESCET IR Bk iS5
AERPBA—E— L I AR O E] . BT A A SRR AU B BTl A i s Wi AT R S IE H
R AEMESH .

] R FICH IR R F IO A P BT (2 control-c B pelete ) EHUNHMAEIR M ] 25w
ifza‘ IR IATEAE T A B, §5/% Reyboardinterrupt fI4), {EHRDAEIE cry BkzR
i B

16.1.2 T[#{ThY Python [FlZ&

TE4H BSD 1) Unix %% [, Python [EJ4< il DAE AT, k14 shell (E)A—Hk, @ HCE A R st

[#//usr/bin/env python3 J

(% B s e Y pata L) ZEEAR BIBAEAAR 2 — W AT A TR # 1 0 ZEURAR R BT P 1 7 -
FEHLE- 5 b, 54T A Unix BRI EST (\nv) 45, A& Windows ("\r\n") 47, FER,
FF5% 1 #+ HRTE Python rh BHAREIfH .

! GNU Readline Z{4:f—{I [ ] 68 € FHL 11 — B .
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ATPARE ] chmod $i& 4 [EIEIA I T T 4 745 X sl HERR. -

[s chmod +x myscript.py

7E Windows 245 I, [E [P ATH ) . Python 2R & A B .oy %8 python. exe Hf
(LA, ja bk % Python A5k @ (EEEATEST. BIAMAWIT AR cpyw, fEEEHEET, @4 e HB
(4 1 15 150 T B

16.1.3 EERX[E)iEs=

EARE )N HL A Python I, 4R EIE) B B8 RF AT — Lo BE IR A R w0 . fRvT DATE s i —
4[] pYTHONSTARTUP FUPRBE S BURE B, w8 MU S EHIESNERS . ERNIIHENIE Unix
shell /1] .profile .

oA S N BB g L, 5 Python fEEIAS i G W, AR A G, & /dev/tey fE
[ 2 W AR R R & (75 IR B R E ) . BAEAT BB 2R AR — 4 25 H TP,
B e 3Bk import A4 T DATE BB A AN I BR e b  FH « /R T AYE & AR 28 ik 8 sys . ps Al
sys.ps2 FHIRFIT.

MR AR A 7 B E i — S M B B A 22, V7T DATE 3R ) B A 48 b i &L 1€ os.path.
isfile('.pythonrc.py'): exec(open('.pythonrc.py') .read() E’J?I@Eﬁﬁ%%ﬁféﬁ@ﬁ—‘o ﬁu%ﬂﬁﬁ

TE—AEA i EEAE S, Aab TR EI A I e R A

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 EEHLiE#

Python $24L 7 Wil [E) 1~ (hook) ZEARFT AN B & [E)4k: sitecustomize F/ usercustomize . FLFE T 2 WM iEAE
B, R Jei B3R BIRAY site-packages i H . [FIE) Python [FE17iE Bt A :

>>> import site
>>> site.getusersitepackages()
' /home/user/.local/lib/python3.x/site-packages'

IRT:E 1ﬁﬂ%%ﬁz E EF‘@E*@]@ usercustomize.py E‘J’Iﬁ$7 H@%*ﬁ%ﬂ@&ﬁ@ﬁﬁl/\,ﬁﬂ%
‘B2 Python [RRRIFNY, BRIEE DA -s BIEEIBLAZE ] H B import ,

sitecustomize HIEVE T AN, HE 2 i & IS A B B AE 415, site-packages H [FJ R & 57., [EfF usercus-
tomize 2 ij import . B Z AT 2(E] site FEALM .

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

AR

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

. @ﬁ%{ Ellipsiss

abstract base class (1% JEEE(E])

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

annotation ([EJf%)

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

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

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

argument (5]%})

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

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

complex (real=3, imag=5)

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

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

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

Sy 2 ORI parameer (Z80) WH . % LHEET 58282 B 2EE, YAk PEP 362,

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Hstrong reference.

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

U TR A R T . [EESCSE R g R E S R E) [ R BT R e
Eqﬁﬁ%%ﬁﬁﬁﬁﬂ@%@?#f@ﬁﬁbytearray, I/:/\lkbytearrayE’g]memoryviewD }iﬁﬁﬁ@ﬁg%@%ﬁ%ﬁ%@::ﬁiﬁiﬁi
PR REAEA T (TSRO TR ]) s B 2e (46 bytes, PAK bytes I

memoryview,

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

(LTCALAGAY 451 T ATE dis AR EIRT SO )

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

[callable(argumentl, argument2, argumentN)

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

callback ([A[I:)
VEESS | 35 (3 08 A — 1 Bl A2 X (subroutine) pRX, e A AR A S e ] S M LA T
class (Hi([E])
— {1 H A S 3 W A B . Class 19 3838 % & 9 & method Y EFE, 8 £E method 1] DA
TE class [ EBI_EIET 4R
class variable (K([E/5%4%)
—fRIA7E class R EFE, HERZ HAETE class JEIK (GBI ZAE class [EEF ) BB 588
closure variable (PH{e%4%})
HEANHBAE 4 b 3 HAE S Ak 1F R R B RN A by % 3, AJE R runtime 7 4xef mk (F)78 iy 4 25 T AT
Al PAE ] nonlocal BSETAHEE AT R ALLE, B35 QSR 185 s oss S b X e B vT .

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

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

print (x)

return inner
.

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

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

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

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

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

context management protocol (5B ALE)

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

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

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

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

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

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

CPython

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

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

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

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

def f (arg):

f = staticmethod (f)

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

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

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

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

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

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

2, #52I[E] comprehensions

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

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

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

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

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

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

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

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

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

filesystem encoding and error handler (K2R MmUEHEL RS F)
Python fr{s F i) — Rl A A RN SR BE PR 20, I AMRAS K HVEZE R S, ALK Unicode %ifif§
FIEERSL.

R 56 2 B S AR L ZEL DR B R BT RIS T /NI 128 I TG . WNSRAE R R S s S e g it b A, HIJ
API {0 & 5% UnicodeError,

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

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

filesystem_errors,
Wai2[Ellocale encoding ([FI4WAE) o

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

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

752 [E) finders-and-loaders I importlib DA T M Z AN .

floor division (] FIUEEERL:)
i) T ARy 2 B B T B B B R . ) N U BRERE R T2 /. B, EE 11 /7 4
R 4RE] 2, B float (R BIH) ERRIEFT ALY 2.75 Al RER, (11 // 4 &SRR
-3, WIEHE -2.75 #é F ML . 2 [F PEP 238,

free threading ( [ iT4%)
[T TAER T, 2 M7 4% 0] DATER]— B s h Rl REE AT Python (VCAHA . iEHL A 4 3% &
SIE R L, B R R AR AT 45847 Python (oAl . 752 ([E PEP 703,

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

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

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

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

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

annotations-howto,

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

>>> import _ future_

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

garbage collection (3 [mlik)
R0 T N PR 0 R, R ORI i A . Python AT BRI, 2 i 2 BB (reference
counting), DA M — 1 & [E) 4% ] 0 B 22 IBAGEEE (reference cycle) [ F¥8 b7 3% BIUL#% (cyclic garbage
collector) A&5¢ fi . B3 ISR ] PAEF g AEAH 3 Haf g T4 i o

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

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

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

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

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

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

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

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

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

SR, A5 Le M4, M A a2 58 =y, Bk s e AT R A ol A (B S 45 g
(computationally intensive) AL REF, W DA GIL. H4h, FE#AT /O B, GIL 442 ey fifig .
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¢ Python 3.13 BHAATT DAMFEH —-disable-gil ZE R ENRIEM GIL. ff I S.IEE ST Python %, &)
A -x gil=0 KFATREXMS, BUEHE PYTHON_GIL= Ofgfﬁiﬁﬁéﬁﬁﬁﬁﬁﬁ% HIIRETT A
PEE Z AT A E AR e, [ 240 CPU [ e i S A AR 5y . A B L3R40 E
##2[F PEP 703,

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

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

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

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

IDLE
Python f{] Integrated Development and Learning Environment (%% & B8 Bl L BEES ) . idle B—fHFH AR
) Sk o A ELRRER IR, TR Python [REEIEREA T HUAS— i e it .

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

QR — AP R, B4 s HORGEAN B e, R IR B R TR B GRS SRR k.
41, True il None ¥£ CPython A2 A .

immutable (An]%H1k)
— B EEE . AP AR FEER wple (JCAL) o B RABEBOEE
SR B [ P (b ZER (o A, UM ZECEE ST — B A . B ZEE e S EME A by, P
BLFA (S, B4 dictionary (i) At —1E 5

import path (5] A¥K1%)
—EOE (4 ea B ) WFE, ARLEN Bl AE import ALAHINE, Er@iparh based finder (E:jiH
eIt ey ) MEBANAE . fE import P, ML ES)FEE KA sys.path, (HERFEM
(subpackage) 1M &, EMWAIREERKH LEMR _path__ B,

importing (5IA)
— AR . —ERALH Y Python RsUHE AT A B ILIEA , #0) — B4 H i) Python REsXAS{H ] -

importer (5IA%})
—f REE 4k AR EWbR finder (SF4gis) tidloader (FALR) Y-

interactive (7. TiY)
Python A — i H.B)=C B %4, ig_%:ziﬁhﬁf%Eﬁ%ﬁé@%ﬁ?ﬁﬁi/\ﬁﬁiﬁ%ﬂl_ﬁ—t SLRIUATE
MEHERCMEEHRE. REEH) oython, ANFEATLME 8 (W] HEHE i 7E VRSB Y 1538 B sk
B). malli s ds pug e n dEE ER M O (R help(X)) W 2 7B B AH B &

ERZEHEX.
interpreted (F{:%MY)
Python J& — T w5 5 SEAEERE T, RIS 4 T REAT Se, [RIEAT (7 T4 (bytecode)

SR I AFAE o Li‘%ﬂ“ﬁﬁnTﬁqf—JU\E§?ﬁLﬁ7 AN T W e 8 S 7 — (A TAR , SRR AT
b.ﬁ‘%nn = 1_(1% Hﬁ%ﬁ;%nn HAERMBE / RESER, R e MR s g . S
% [Flinteractive (B

interpreter shutdown (P 2SEH)
H Python B pn i TR BAPARE, B A —RRREL, TEI0E BB U A g & 1 &R, i
AR A 4% TR B AR EI R 45 s . B & 2 I 3538 =)l 22 (garbage collector). i@ REEIfEE (1 FH & A
E WG PR (destructor) 50555 | A [EIIF (weakref callback), [FJ A7 R0 . 76 BH PA R Br bk
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AT IR GBS A REHIS, FIEVE FF AR R T R R AP T (% RO TR ok L
o ).

HARG A EZER, 2 _main_ BEHEUERGEITHEAR CARATE M.

iterable (W[[EMCHIf:)
— BB W A s B R PTERS B TS5 T BF I BE (B2 1ist, str
Al tuple) *ﬂ%lﬂﬁﬂlﬂ?ﬂﬁél B@ dict, WX, U\&M\Fﬁ%%ﬂ’ﬂﬂﬂ class )4, HEHRLE
class f5 __iter__ () method 8{ 2B Esequence (JT4) FEE M) __getitem__ () method, FZH{sti2
IERD:.

AIESC AT R for [FIREFNFF 2 HAL TR 2P S H (zip O« map () ..). & —fEAERY)
HAEES | g R A E# R iter O B, B EERZY O RE—MESTCE. ﬁl:lf:%%x.ﬂ%ﬁ%f%#
AEIEST— (one pass) FEE . M FAEMCERE, MWHA—EETIFN icer () S AFTEIEIE.
for BUAE A B HIEWREILE S, B Er @R R f 2 s, AT EIRE I R AR %
EWtEs. FiszFliterator (EUREY). sequence (JFH)) Flgenerator ([EVE#E),

iterator ([E}{2%)

— A FE R ER R Y E. EEPEIERERA __next_ () method (=244 T 18 45 (B 2 b X
next ()) GKFEIEERNEHATEH. SEAHA ERE, HI@5]% stopIteration B4k, Bt
W, ZERSEYEE S, W T(T8E _ next_ () method [t — 2N, %5 H & HK D] 5
StopIteration, [EMUHHIAEA M __iter_ () method, B €rEEHEUCEMIEAS, A AREHEE]
RESEAE T E 1, BT RAA K 2 o F H A T [E 035 6. —MIRE B 4h, 2E
#t Z i [Ef (multiple iteration passes) FURER M. — AW (B2 1ist) HERRIRK EHIELS
iter () BRETE for DB P EM, #elE—MaenEites. FHERESERILEHE (2R
ﬁ%ﬁﬁj,%%/\@ﬁ]%%muﬂﬁlﬁ'Wﬁﬂ%uﬂﬁ ] — 1 £ 4 ) S R 1, AR AR —
[EREGRE

TE typeiter 3R] AFR 2 B £ E L.

CPython Eefi#fi: CPython [ER KN —b#s frtads [DRBAER _icer 0 ) M.
S AYERE, free-threading (FII#A7T44) CPython ARBEIR BB HATAE 4

key function (HpH)
i R 7 R 2 (collation function) J&—{R W] FFHY (callable) pRxC, & & [mlf#—{F FI A HESF (sorting)
S E P (ordering) AU . B, locale.strxfrm () Bl FARIEIAE B 1 M B IS & HE 7 18 61 A9 HE 7
.

Python Wi i1y #F 2 T A, #lH: 32 DA # ok XA 45 i o R A€ e s 8 7 38 B 4E min O
max () . sorted(). list.sort (). heapg.merge (). heapg.nsmallest ()., heapg.nlargest ()
Hl itertools.groupby () »

AR A S K. BN, str.lower () method ] AFEEIA 4 /NG HE P i) S8 i
Ao B, MR WA DA 1ambda R A, B0 1ambda r: (r[01, r(2]). F34b,
operator.attrgetter (). operator.itemgetter () ﬂ] operator.methodcaller () Eﬁlﬁ;@@

BRI 3C (constructor) . BRI AR 2 A S ek X 461, S5 S EAnfTHER -

keyword argument (B85 19)
#t2(Flargument (5]3).

lambda
i B —expression (GEE L) R4 — M E 4 47[EFI = (inline function), A 3% pg =0 4% P 1Y sk (A

#37 lambda R FEEVE 2 lambda [parameters]: expression

LBYL
Look before you leap. ( = JEMi&FT. ) M 4 il S G e A TP s &8 3 22w, IR 5 S B
. B ENSELEAFP 0, BRGSO 2 it B UAAE.

TS, LBYL a7 [ M [#&17] Z M5 A T 8EE/F (race condition)
EI/]}—LF?,R TﬁJﬂHU\—Fﬁz—tﬁ% if key in mapping: return mappinglkey] ﬂlﬁ]%% ’fﬁlﬁf/ﬁ‘zﬁf(ﬁlj
AR EAEER AT, 1€ mapping FREERT key, Wiz CH € K% 55 L DA (lock) =%
i F EAFP %35 7 s AARE] o

list (H3%1)
—{ Python [E&¥)sequence (JFH) . [EVE BRI T list, ‘B H BB A5 5 ) — M i 51
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(array) TG — G455 51 (linked list), FHIEFFHOTER A FEFHEREEZ O,

list comprehension (£ 4|45 &5
— R T AR B B (87 5 T A TRy TR, (I BRI G R LA List [ LAY 2 )7 4. resule =
["{:#04x}"'.format (x) for x in range(256) if x % 2 == 0] @$~@$$ list, /E\ZEP@,
0% 255 M E), FrA e /SO O0x.). 1 THZBEMR . WREREE , Al range (256)
BT TCR A GO B

loader (EAZS)
—HREEHE AR . B EEFR AL 1load_module () B method (J5%). HASHEY
etlifinder (FAgge) BlE., WA 2E:

« finders-and-loaders

e importlib.abc.Loader

« PEP 302

locale encoding ([ Ji 2515 )
7£ Unix |, B2 LC_CTYPE [ElkZ EM 4. B PAH locale.setlocale (locale.LC_CTYPE,
new_locale) H{?y}io

7£ Windows [, ‘&2 ANSI Ui E (code page, fAlfll "cp1252").
Fr Android 1 VxWorks |, Python {ifi ] "ut £-8" {EF @145 .
locale.getencoding () AJ DA ARERAS: (B 305 4 A .

.55 2% filesystem encoding and error handler

magic method (BEHT)77:)
special method ($¥kI5H) WI—83E1E R i .

mapping ()
— A, BB EE A, H A8 E abstract base classes (i 4 5K H(E])
collections.abc.Mapping B collections.abc.MutableMapping Fﬁ‘il’E‘ﬁiE’\J method, %’Eﬁﬂ@ffﬁ
dict., collections.defaultdict., collections.OrderedDict %[l collections.Counter,

meta path finder (JCI4{ETHRY)
—FEAE ¥ & sys.meta_path [ BE [ finder (FAGeE) o TCHIE TR L€ 8 B F 4 % (path
entry finder) FBH{HZAA]

B A TCEE R A P B AENY method, F52([F] importlib.abc.MetaPathFinder,

metaclass (JCHAE])
— 7 class [ class. Class & &AL @ 37— class 2 Ff. —1f class dictionary (FH#), DAK—1H
base class (J:IKHAE]) 19513, Metaclass B 518 =058, [EH % class, K8
FEAEE T G ARt AR EAE . Python (RRE) JEAE A & BEEIE Y. H %11 metaclass. o1 il
FHERAFEN TR, HREFFERE, metaclass N DARALEIR BEHERME T Z. EMEHRT
EEVEAFE. BmaATaE k. BEY R ARG (singleton), DA 2 HABAYITH

T £ %3 AT DAYE metaclasses Z i 1R F) .

method (J57%)
—f7E class A #EEE AR . 14 method MV class FE31AG— (BB PERIEIY , HIE 0% 615
S O EEVE 5 Bargument (3190) (W5 WG B se1). 2 (Efunciion ($isX)
Flnested scope (EIRAE ) .

method resolution order (Jji:fEbrIE)T)
D7 IR B SR e A R R B AR T, base class (BRI W@ AT . B Python H
2.3 WU E AR T AR AN, s python_2.3_mro,

module (EizH)
— £ Python A2 U1iY 44K BLAL (organizational unit) 1. BERHA —M a4 =W, B EER
¥y Python Hj{f. AAHLIE#E thimporting AR, A 2 Python,

it Epackage (B1F).
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module spec (BigHBI#%)
— A4 A [, B AR BB import A B & . ‘B2 importlib.machinery.ModuleSpec
H—fE B

G module-specs .

MRO
it 22 [Elmethod resolution order (JF7fEMTIET) -

mutable (W[5 0:)
RIS T DA A, (AR MR 1a 0 AEE2Eimmuiable (RT3 .

named tuple (Fif%c4)
7% [named tuple (Pff457041) | J2F51E tuple 4R AYTATHIEIDK class, HEAYA4R5] (indexable) JC
F ] DA P4 A, 15 SR (E)B class 0 R] PAELA HA R 4

ﬁ%@’:ﬂ% named tuple, BFEH time.localtime () Ml os.stat () [MEEMEH. H—FF T2

sys.float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance (sys.float_info, tuple) # kind of tuple

True

£746 named tuple 2 [EIEAIE] (40 FB)). =2, —1F named tuple ta] PAGE—8 IE R class & 8
dar, K25 class @# K H tuple, HEFR TSN (named field) BIA] . 5@ %1 class 7] PAT T4
B, DMK H typing.NamedTuple RS , 0] A ] kR =X (factory function) collections.
namedtuple () AEEN.. BE AN T —LLEESMY method, 154 method 7] 7EF 5y ok [Fl 8
i) named tuple H, HEVEFRFIAY .

namespace (#yZ4sil)
BRI o 2% 252 A dictionary (< HL) BEECVE. A I . Aty R EE i fr 24 25
MAEYI 1 (7E method Hr) oA SLIR A A 2% 25 . i 25 TS B By Lk A 4a o, RSO IBEAH AL
Bi4n, PR3 builtins.open Fl os.open () J&FiH B M A2 25 AR A% M . v 44 2 [T R B
Tl b I o 2 WA A A B — W R X, ARMG v I S ] A bE . B0, & random.seed () 1§
itertools.islice () BRERFEN, B R A EREH random fl itertools BIAYEEE.

namespace package (i #2sMIEM)
— 1l PEP 420 package (£1F) , & HEEEE T2 (subpackage) i —fH 254k . v 4 a5 & Fnl fE
EAEM R, 1 LARKEE ARG R —Breguar packase (EREM) , HWEEMBEA

__init_ .py BREHEZE.
2 [Flmodule (FigH) .

nested scope ( HUHR1EMIR)
fEE)2 B8 41 7 5% (enclosing definition) HAGSAHEARE Sy . ZRBIBRIE], — 1 R A0SR 2 AE ) — R R X
ek, MEMEREE2EINE R P Rss. s5Es, EESEET, SIR1E R E Rz
MR T A R . W AR e AR EVE VR I IO R A . TR, AR SR A A A 4
2SR EIEUL B A . nonlocal 2 FSHNEME I TE A,

new-style class (Fi\Ki[E)
—HEE2, CRIEBIAENA N class P14 I A1 class E#& . FEHIE Python fiuA i, AT H7ak
class 4 RE{ 1] Python #CHi1 . ZARMIIIEE, B2 _ slots . #fiiR#F (descriptor). J& 1 (property).
__getattribute_ (). class method (JHEIJ ¥:) F static method ([EJBE 7).

object (¥1i)
HARAE (BrsE) RuieE®RATE (method) WUEMIERL. BHIZITInew-siyle class (FHi I
[F]) (4 base class (FLICHIE).

optimized scope (JpfEALfR)IIR)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
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optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (£if})
—{[] Python [{module (FE41), B R DAL R4 (submodule) B /2B IR £ (subpackage)., I
W EmE, EFERA __path JHHER—H Python 4.

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

parameter (Z8)
Tr function (PRZ) B{ method & 3% F 1Y — M v 4% B B4 (named entity), 500 3% KR BEEIE 20—
ffargument (518), SAERLEEEIFHRZM5 8. A HREAR RS HHAL:
« positional-or-keyword ({7 S BISEF) © 80— 0T DAZ e 45 5 w2 VEEI M 48 5 7| Scpl g )
518 BRSEIWTHREE, BIUPA N foo F bar:

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

« positional-only ({EFROZE) : H5H—MH L Re4% BEOL EAR AL T | . e E S 28 £
WM /70, W LAMERZ TR E R RO E 28, BIWUAT /Y posonlyl Hl posonly2:

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

o keyword-only ({FREHSET) : FEHH—1H HAE AR S F R Rt pY 5 1 8. FEski X E R 2 8 %
o, AL (AT R ¥ 2 L (var-positional parameter) B & BLALRY * o0, AT DATEHAR )7
EFNESR T2, BIPATH) kw_onlyl Fl kw_only2:

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

o var-positional ({EREMCEAIE) - JEU—HBELMERF AR Bhiy 7 B 5 1 3 (TEC B 2 8,
LML ES M2 A . ERSERERTEH S MR E - AGERM, HIAT

args:

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

o var-keyword ({EREHCEBST ) AT HHILN TR EERE TS (o ts ez
?;J&Eﬁ%ﬁ%?%’l%ﬁZﬁl‘)o EHSHEERE S MAR T E N~ AEseny, Filan b
| F ) kwargs .

ST AR | BUR AR s F5 0, 0T DAE)— 6585 e 1y 5 | R v TR A

5y it 2 D 55 F Wargument (5180) W H . LB E D5 82 82 M2 E, inspect.
Parameter class, function i, AN PEP 362,

path entry (#{€51H)
Eimport path (SIABEEE) HE)—MHGLE, Wipath based finder (HRBEEH D) T2HLOE
2Hesm 5 import [YREAT .

path entry finder (P85 H <-b2%)
Wi sys.path_hooks F1E—{H W[ IFERY#{4: (callable) (& B—1Wpath entry hook) Jr [a] {8 f)— T finder
B RITE QAT PA— Wl path entry & (i5E4H o

B A B AR TE H A R B /E R method, #52[F] importlib.abc.PathEntryFinder,
path entry hook (&% H(E))

1E sys.path_hooks F KA —{H nIFFIY ) {: (callable), 5 E HIE WAE— 45 E Hpath entry H
SR, Qe Epath entry finder (BEEIHH FHE) -

path based finder (FERERIRIISIHERS)
TR /LFEAE 4R & (meta path finder) Z— , "B GTE—fimport path T8 [ .
path-like object (K& £¥1k)

—MHRRERRSRIERIYIE . BERAEW T AT AR — 0 RN AR str B bytes P, B2
E'ﬁf os.PathLike %KHEEI"J%F@FFD :@‘i@u?‘ﬂl«l os.fspath() ]%[it, ﬁﬂﬁli% os.PathLike Tﬁ%l@]’\]#@
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ﬁiﬁﬂx}(%ﬁﬁ str ﬁ bytes Tﬁ%%?ﬁﬂ%ﬁf& ﬁ'ﬁ os.fsdecode () ﬁ os.fsencode () Eﬂﬁj\ﬁfﬂﬂ
AR st M bytes HI%5R . H PEP 519 5] A,

PEP
Python Enhancement Proposal (Python ¥4[F$2%¢). PEP J&—3 sk wHEIM o, ‘& fEE) Python - #EHE
g, SO Python 1)—{R3Fr LI BEE % M BEMRE P AN EREE . PEP JE % B2 (It Al R 1) 5 A R
DA 22T RE AR SR

PEP [WAEAE H 1Y), REBEIEIH P ae A4 5. A b B A 5 R R 2 RIE, AT A
Python [ FHESRIMFCE], 352Ul AR = 2kl . PEP 13 2 e et B e B Re ) 3
.

#2([F PEP 1,

portion (34))
L S S (T OB zip R, 5B A8 — 16 4 S (namespace
package) H T E K, AN[H PEP 420 H)E %

positional argument ({5 5[8%)
52 (Flargument (5]3).

provisional API (‘%417 API)
AT APL 24, AR RR =X Y 0] 2 AH 25 (backwards compatibility) frair, #Ri#HERR 1) APL.
BESR MR E, REE M REE Y, M EEAgaERWEE, HRZ0mE AR
g, Wnfea BB AHANEE (2R ) o 3505 5 FUR 6 S i [FA:
——HH APT YA A Z HI RSB e ARG 8 Rr , B A etk

RIS B AT APL, [a]4% A28 0 5 Tt e g B E) [ A8 O MRE) ) 28 ) — ST (] ol 3% B g [ 1
A58k F ] BEFR H — 10 ) AN A R E ) 52 .

T2 1R 20 A (s A v o X R O R ) S A, Tl S R R A A TR ) 2 B A B ) s s T B R
=2 PEP 411 T fRE £ 404

provisional package (¥17£:1k)
#52[Elprovisional API (%47 API),

Python 3000
Pythonf-x FHARERE (RACARTAIER, FRES 3 BT R AE R AR K. ) WAl A5
[Py3k].

Pythonic (Python JEK4T))

— AR BofE NS, EE T Python R B SR IR, A2 6 HABRE 7 Al
ACEARREAMS . Hildn, Python rhi R —FEEME v, 2T —M for BARX, B—mrTERY¢
WA e R TIERE . 52 HAhE S BE S A 280, BT AN EAE Python ) A A I & (i
— (B R AR AR A

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

L print (food[il]) ]
FHIBZ T, PARNIEERER . EHA Python JRA% :

P
for piece in food:

print (piece)

qualified name (FR & %H%)
— B R], B BRI — AL A 23 AE 3] s AL H 2 610 class. pRUEK method fY
(A2, 40 PEP 3155 i@ s, SR TEE M KA class 5, R E 24 R = A (4 44 Al AH ) -

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname

HERET—TD
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(B E—H)
YC'
>>> C.D.__qualname_
'C.D'
>>> C.D.meth.__qgualname
'C.D.meth'’

BRAG RBEHRE, T2 RE & & (fully qualified name) 23R %) S BB 7 PR BEAR , A FEATAT
MAZEM, Bl email .mime. text:

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

'email.mime.text'

reference count (2 W51L)
R — WY 2 R E— A S IEETECT BRI 2R, B g RECE (deallocated), A
e {2 [ 7 ey (immortal) | [FIHEA AN G i 2 I8, R GE N G gfRiRile. 28
FIGE H7E Python FExUHE P B AR F], (HEERCPyhon BAEN) —MBSICE . FExUREEHATTT DAREY
getrefcount () bR [EIE—{R 47 1 14 ) 2 BB

regular package (IEBIEA)
—fE K package (B4F), BIA—MEA _init_ .py BEEMHE.

it Enamespace package (4425 MEM:)

REPL
[ read-eval-print (read—eval-print loop) | [AHES, &2 9 X HiZ2% shell 19 —1F 4 1.
__slots__

e class [ERRH)—HE 4y, ERFRFERESEBENZSH, PALIEBE G dictionary (L), 7K
WA, BRI R, H bﬁ%ﬁ%b}\ﬁﬁﬁiﬂz@ﬂ% B U PR A IR AR A T R T ) o
(memory- crltlcal) (1 AR A E KRR T 5 S .

sequence (J3:41)
—fRiterable (WEUCHIME), B __getitem__ () special method (FFikTYE), i AIBE#RE| K
TREFCRITEAI, EZEF T M __1en_ () method A&[m]{#3% 75 1= . *JH’J.@‘TM@JE
@Jﬁ list. str., tuple 9[2‘[] bytes, %E%, ﬁﬁﬁk dict ’i‘j{% __getitem_ %I] len 0,
HE P E L (mapping) 1A 2751, /ﬁ\ﬁﬁﬁiﬁ%@ﬂ?E%ﬁlﬁ‘]hashabie’fﬁ A 2R

% 2 HE(E (abstract base class) collections.abc.Sequence E 3 J — 1 50 & 51,
AE R _getltem ) Al __len_ (), /M T count (). index (). _ _contains__ () Hl

__reversed__ Ef’ﬁﬁt%?ﬁﬁﬁﬂ’]ﬁi. A A register () #HHMEHLEIE]. 2 BT
H Ty I S nﬁﬁ%ﬁfhﬁﬂfﬁ%ﬂ?

set comprehension (44540
— MR, AR W EA R 1 AR o e &, () s 2 45 S DA fi set [1]
T;ﬁro results = {c for c in 'abracadabra' if c not in 'abc'}@’ﬁi#ﬁ]?% set: {'r"',
'd'}. F52(E] comprehensions.

single dispatch (¥.—3Jq)¥)
generic function (JZHMRE) FHEEM—FEIE, FEt, BEAERBEREE B B —5 | s 2L (E).
slice (VJJy)
— W, EREAE—Biequence (JFH) WHE—H0. BAL—BUI R 0752 00K N AT 9%

(subscript notation) [ ], #E4s 2, BIFEEFE 2 HMEHE 5, #lil variable_name[1:3:5],
TEFESE (M) FF9EmERS, i slice Y.

soft deprecated (KPEEIH)
P EEI G APTARFEREFLH OB RE s b, (R B RS h B e G2 e 42 . APL
3 ASCHAREEE el (RN & A At

BUEREHAR, SEEHEAER APT RIS, dA g hss
#%2[F PEP 387: #iHEEIA .
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special method (¥§5kJ51:)
—TE 4 Python [ BRI ) method, FI & S HAE BUEFNA T HREESE, BlAninyk. 278 method (144
il Er{E BHEERI 45 2 A Wifiil R[], Special method 7 specialnames FFA #E4HEIRA .

statement (A=)
PR — B (suite, —ARXEG [EM]) PR—HY. BRI PLE—Eexpression (B
), ESHBET (B if. while B for) WIZMLEHZ —.

static type checker ([FJREXIFR57Y2S)

G Python R ASEI TS LR, AEEHR R, B2 A A EMRNEE. »gsbn
[E32 7% (type hints) DA} typing #ifH.

strong reference ([F1Z1R)
£ Python ) C APL 1, [FIZ BUZHYHNS IR, W HERE %2 MRS s . d 2 i)

HE BTN py_INCREF () HOEEEI2 K. [FIR2 BB py_DECREF () BHREIZ K.
Py_NewRef () Rz R B MBIz |, @, EiE BB BAEREZ b, SEEZ

[E)%2 H8_FIFEnY py_DECREF () B3k, DAREGENR—H2 8.
Ak Eborrowed reference (&2 M) .

text encoding (3L 4iH%)
Python H1f{) 57 E8 S —1# Unicode #EE) (code point) f741] (HEEAE U+0000 -- U+10FFFF Z 1) . &3
fAF s — Ml B UG IE— o 751 .

ﬂ%~@?j$f?ﬂftﬁﬁ‘%ﬂf?ﬂ7 FRIE) [4afis ), T 08 e e 5 3 r % e R AR ) [ RS
(decoding) |,

A ZREARIF ST PSR As (codecs), EMBEALREE [ 3745 1.

text file (SCRER)
—(AREER AT A str Y —{Rflfile object (W) . BH, CFHEEIE L RARITTH
B SR (byte-oriented datastream) [El€r [ & g Hlitext encoding (SUFHiHE) . CFHEEMIM T4
%j{?ﬁ‘}":ﬁ ( 'r! ﬁ 'w') F;%JE@T%% sys.stdin., sys.stdout [/‘j\& io.StringIO E@E%o

Jiits 2 Ebinary file (“HEMVAER), ER—MREEIFERANE A 12T S 41 (bytes-like object) B
ES//ILaN

triple-quoted string (= 5|3EEIFH)
M =515 () S5 55 O MFEELRS R — 75 . 8RS MEEA B ALE R 8 5] 587 5 i AT fi]
FANIRE, HERFZER, MR ERA . MR DAFE T 4 A BEE] (unescaped)
(B SRS 5%, 1) H e MR TR 45T (continuation character) HE R DABS AT, & M5 E
1975 4 5 (ETHA 2 5 e A 1

type (%4[F])
—fiil Python ¥ {1 B EIE e T &2 AR 15 AR — M E. — @4 (i 2 E m]
PANER _class__ JBMAAFEL, BPA type (ob3) RAREK.
type alias (HIEIE44)
— R BLEN [l e, F B G 4 — MR EVRF (identifier) 2R
HFIFIZ B a3 7 (type hin) FRAG . Bl4n:

-
def remove_gray_shades (

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

FIPARIIGERG, BERA AT

Color = tuple[int, int, int]

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

pass

52 [ typing F1 PEP 484, £ HIhAERITHIA .
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type hint (%I[E25)
—MHannotation ([FfE), BH§E—ME. — class JB Mok — 1 o8& 2 2 8ok BHEE ) T AE.
HIER RSB VER), A2 Python [EIfIfY), (HEM3E &R [Elk & % (static type checkers)fR A
JH, [EfEH D) IDE 52 A2 RERY 4> (completion) FIEEH# (refactoring) .
SIS class BERIER R R & Wi d) rRUEHE R, #80T AMEFT typing.get_type_hints ()
RAEHL .
2 typing fil PEP 484, A5 ILIHAEAGHEIL

universal newlines (j#)JH[ET5C)
— T R % SCFE TR (text stream) B9 53X, G LA Brg A1 [E R BE—f7 A &5 8 Unix 17 48 6
"\n'. Windows &% '\r\n' FI# Macintosh {&%] '\r'. #52[E PEP 278 fil PEP 3116, DAK
J* bytes.splitlines () [AFHINHIE.

variable annotation (523[FIRE)
—{W 5, class B annotation ([Ef#).

[EJFEsA K class BEPERE, RREEEIRIERY:

class C:
field: 'annotation'
s EVRBAI A IS EMR A (type hine): IR, 2R SR TSI IS 1ne () fi:
[count: int = 0 J

5 W EIRR Y REVAAE annassign B2 A FEARIY AR .

2 funciion annoration (V). PEP 484 il PEP 526, W IRErHig. MIRERAYRHE
T, 55 2[F) annotations-howto.,

virtual environment ([EERES)
— i o4 VEFR #f (cooperatively isolated) [/ TE24E, HERE Python (1) I 35 A1 FF2 A5 DA RN THA)
Python ¥([EVEF:, A& [ —# R &t ATy H A Python JiE AR ATEIEA: T4

W2 venv,

virtual machine ([EJHEZS)
— e 4 RS T E 28R BB (computer). Python f[EEEMSS €117 Fh byrecode (17 TCHLIG) Hadas
T B 6 JOAHA .

Zen of Python (Python Z2[F])
Python TR I BRHT B 51 55, HLEIZAG B BRAR ARG A DL RE =« s 2nl A BB Ui 7
JUfBEA [import this| HHKF|E.
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BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

ECIE
« Fred L. Drake, Jr., 5l Python SC{4 T HALM A& DA — I A Ve
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh ¢4, Sphinx #2ftBf¥) Alternative Python Reference wf3#| IS LT £ .

B.1 Python X8y & Ei&E M

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

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

i E IR

C.1 &icio

Python 2 H1 7 B S22 0 5 A R 97 B2 65 (CWI, R https://www.cwinl/) [/ Guido van Rossum & 1990
Guido {2 H FEAEH .

1995 4F, Guido Fr 4 J& ai N 55 i i B Z A 9T A 5] (CNRI, F, https://www.cnri.reston.va.us/) %548
fib ¥ Python i) TAFE, [EHEAREEEE) T 5%k il i) 22 {8 i AR

2000 4F 7. H, Guido I Python #%.0> [ %% [ % 1% £ BeOpen.com [ElJ#i,57. T BeOpen PythonLabs [& % . [
4+ H , PythonLabs [#| P i#%% %] Digital Creations (Bi[E] Zope Corporation; i, https://www.zope.org/), 2001
4, Python #XHS S & (PSF, 5 https://www.python.ore/psf/) BN, J&&—{HSEEHEFA Python £H R 1
W EREM AL IR A 448K . Zope Corporation S PSF ) —{H& I & & .

Jir A 1 Python AR ZBHIERY (A B BRI EFE, 2(E) hups//opensource.org/) . M b, KEH{EAE4
By Python JiAS, o2 GPLAHZHY; LAR A4 G 25 A 1 22 .

BEREA  FBE i waE GPL 18#&1% 7

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

O #HE

GPL MHAEARFREAZAE GPL T #(E] Python. N GPL, FiA 1) Python SZHEXR AT LA/ B ENE 4
BIRUAS, A —E BRI 5 5E AEIB IR . GPL AHZR W #ZHE(E5 Python 7] DAKS & HAt#E GPL %
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IR (I AT )

IR Z I AMRE T, A Guido F8E NIUAT, ifHE Le A iy B [ERE T fig.

C.2 FRFRHUHMFGXER Python BIEHIER

Python #CHFIEIR SUAF I HE R LR PSF 424 549

¢ Python 3.8.6 BitE, ERASCOFPRGEEG) . AR A AR S, B9 E 524 (dual licensed) i PSF 4%
WEA 41 VA K Zero-Clause BSD 3% 42 ,

A LERAA A Python I BN AR B B . T8 LU RBIT o B2 HE L AR U — B . B IS 2
BHERAR SR L, S B B3k i a9 34 L2t

C.2.1 ¥ PYTHON 3.13.1 §§ PSF 1%{E& 1

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python
3.13.1 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.13.1 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.13.1 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.13.1 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python
3.13.1.

4. PSF is making Python 3.13.1 available to Licensee on an "AS IS" basis.
PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.13.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.1
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any
third party.

8. By copying, installing or otherwise using Python 3.13.1, Licensee agrees
to be bound by the terms and conditions of this License Agreement.
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C.2.2 Fj® PYTHON 2.0 §§ BEOPEN.COM 1Z#g 519
BEOPEN PYTHON BAUSFZHEA 4155 1 i

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FjA PYTHON 1.6.1 i CNRI S &3

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

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

€ & A}

C.2. ARFERHUEMFXMERM Python B)&#IER
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internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

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

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

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

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

(R L —5)

C.2.4 A PYTHON 0.9.0 £ 1.2 §Y) CWI {B#EEH

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

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

prior permission.

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

R T—TD
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 F}* PYTHON 3.13.1 [FEA #FI#2X#E /Y ZERO-CLAUSE BSD #%##

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

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

C.3 MRk AR 1 B BN
A (AR SRR B SSCHE, 5UAE Python SEEATA rh )y 45 = )y W

C.3.1 Mersenne Twister

random B4 JIE N H _random C 3% 78 A =L & T PA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html ) F#EIZEL ARG . DUR 2 R IARE ISR SE 8L 0 -

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

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

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

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

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

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

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

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING

€ & A}
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NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 Sockets

socket Wi fiH] getaddrinfo () fll getnameinfo () B, BMFE WIDE 2% (https:/www.wide.ad.jp/)
(B, HAASTR] B S i 8 mb ol G -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

C.3.3 JFEFH¥ socket fRFE

test.support.asynchat fll test.support.asyncore *ﬁlzﬂ@,é\w\?%% :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

permission.

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

(R L —5)

C.3.4 Cookie &
http.cookies FEAHALE DA A :

Copyright 2000 by Timothy O'Malley <timoRalum.mit.edu>

All Rights Reserved

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

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

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

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

C.3.5 #fTiEF
trace MIAH A E AU E:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...

err... reserved and offered to the public under the terms of the
Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

its associated documentation for any purpose without fee is hereby

granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in

supporting documentation, and that the name of neither Automatrix,

(HEET—T
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Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode Bl UUdecode &F=z
u ARG A DA AR -

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

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

Modified by Jack Jansen, CWI, July 1995:

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

— Arguments more compliant with Python standard

C.3.7 XML EixmfE Ry
xmlrpc.clientiﬁ%ﬂf@é?@&j:é%aﬁ:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(HEET—T
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll
test.test_epolliﬁ%ﬂf@f?@kjiégﬂﬁl

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue
select MK kqueue /MR AT ] :

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c 5§27 Marek Majkowski’ 3£ i* Dan Bernstein [ SipHash24 jH B VERIEE. B PA
TR -

<MIT License>

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

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

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

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Hi dtoa

Python/dtoa.c FHZEHEML T C 11 dtoa Al strtod Rz, K C 1) BERSE B 7 B 7 ep HAHEEE] . A
EAt4E H David M. Gay 27 H [RGB AE 2, 53 BIAE R AR https://web.archive.org/web/20220517033456/http:
/Iwww .netlib.org/fp/dtoa.c F#. A 2009 4E 3 H 16 H g2 i I a5 60 & DR ORESL 2 Rl Y -

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

* The author of this software is David M. Gay.
*

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

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

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

C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004

€ & A}
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https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"”
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

(BT —H)
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subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions

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

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

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

Disclaimer of Warranty. Unless required by applicable law or

agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,

WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

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

has been advised of the possibility of such damages.

Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,

and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

PRARAEE E pyexpat MR EE ——with-system-expat, HIREIHEFE & H—MEE expat A E5HIR]
B e

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

and Clark Cooper
(M T—F)

C.3. #ugFIakienyIR{E BB 139




Python Tutorial, $[F] 3.13.1

(R L —5)

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

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

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

C.3.14 libffi

BRARTEEE _ctypes BIAIKT _ctypes I ARXIFREE ——with-system-1ibrei, 75 AIFZIE A& ]
— () libff 5k B85 1 A SR

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

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

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

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

C.3.15 zlib

WARAE Z 55t A E 21ib A K8 DABOR eV B 21 858, IR e & — I E)S 21ib SR A
R Rl AR A

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,

(HERET—TD
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including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc {ii [ &EE)3 (hash table) EE{E, 2D cfuhash TLZE[FIELRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

are met:

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

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

C.3.17 libmpdec

I},%EHET;EEE decimal *E?E}EE‘_F _decimal C }Eﬁﬁ%ﬁﬁ#%ﬁfﬁ ——with-system-libmpdec, %‘Elﬁﬁiﬁé‘ﬂ
G H—(EEE libmpdec b2 o 1) Rl A< A< -
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Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

are met:

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

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

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

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

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

C.3.18 W3C C14N AR EH

test FER A HHY C14N 2.0 JIFAEM (Lib/test/xmltestdata/c14n-20/) 24 W3C 49uk https://www.
w3.org/TR/xml-c14n2-testcases/ #egzz, H 2R 3-clause BSD 1% ki 25 (E:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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

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

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

C.3.20 asyncio
asyncio BRI EZ AL uvioop 0.16 HgE A, HAELH MIT SZHEACHE:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

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

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

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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

modification, are permitted provided that the following conditions

are met:

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

(BT —TD
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(R L —5)

disclaimer.

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ' "AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Copyright © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
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