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CHAPTER 1

2Bk

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

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

1E_ R BIFH, Python IFE 2R ABMIFES

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

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

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

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

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

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

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

QAR AR BIAE O S BRBRAGH, IR T # Python SEZAAH, MERERES R =M HEMHE. BT
A AR AR, B (El, 51 TR T 7 Python F 3R vh BiEL

N, A RE T 6 % By . B R AR R, (AR E B TR B
Y 11 «

PR BCERE], MG ER T2 #0 N 4 Python 5EF B R A 240, —FIiR 2 i B0 8 5 0
(expression), PR (statement) FTERIF(E] (data type); 8 2R (function) BRI (module); fxi% &
fil)— L i 1) R AN A1 (exception) B 5 H i FESH(E] (class).

4 Chapter 1. #Ej#k



CHAPTER 2

{&£ i Python ErEs%

21 FEEER

Python L% %% — Mt %44 7E /usr/local/bin/python3. 11 {8 F; # /usr/local/bin JiIA Unix
shell (I RFEAS, #A LA 525 7T PAEIS) Python:

[python3.il }

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

Windows 2%t H, ¢ Microsoft Store 7% Python % , Bt A python3.11 634 T . WRZEET py.exe
launcher , HIA[PAGEH] py 3. #H2EMIE: setting-envvars, T f#HAEIE) Python A5 2.

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

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

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

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

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

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

W AR EA Y 2 B AN RSN 5 | %, b e EE B - HR BT AL List (52%1)) [EHEURAS sys B4l
f) argv S#. RATPAAT import sys BUSEMES]. BB HIMREEDE—; ®EHHKTMEAR
LRG| HR;, sys.argv[0] EEFH. HEARZE - (FEEMEBRA) K, sys.argv[0] [E '-'.
AT —c command W, sys.argv[0] "o, E R —mmodule W, sys.argv[0] [EREEAHLELER
SEREPRAR . HARTE —c command 5 —m module {EEVEAS € 4% Python B s W lichd, M2 7E sys.argv
s P 4544 851 command 5% module {51 f .

21.2 RN

TERR (ty) AT I, EAMEE B BER, (interactive mode) AT . TEBARBLAH, GUIRE
WA, TR TT WS, SRR SRR (>>>) %5 BAGATTH, SRk 2in
B OBRERSME (L), B AR, ROCEURBGTAE., AU . RAEE, e R

$ python3.11

Python 3.11 (default, April 4 2021, 09:25:04)

[GCC 10.2.0] on linux

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

~

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

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

Be careful not to fall off!

WA B EBRAMEA, 729X

2.2 HERHEECHIEER

2.2.1 RIGIERFTREE (encoding)

% Python J5UHA I 46 57 TR A5 00 UTF-8. 732 0 Sl (1L b 2 o0 o 19 S0 55T DA B o
FITESFtREVA . AEVK (dentifier) S (FIfH -— BESKTERSE B vt LT ASCI SL RIS, Ja i
JE (B portable Bt F RESFAOIELON. WIS BEIE MELEUR A 0, A5 A i i o 28 AR ()
UTF-8, (B 5 AR A AT S o 2

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

[# —*— coding: encoding —*-— ]

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

[# —*— coding: cpl252 —*-— }

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

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

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

—{E3FIEZRY Python 4

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

HEARFE 2 &G b, EEAME R A, 7R EM. Python 1 iY[EIf# (comments) H
hash “7JC # BIA—E B TR .. T2 Y. 0% . SERB2 &G, EAReHBET
BSOS (string literal) 2 H . hash “FI0HE 7 HR SO FRIRFTIAR(E)— hash 7T, A EIEE H 2 AR E R AR
AN € Python fi#a, TEHRE FIHIREA—EZHA .

— BRI :

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

3.1 & Python E{EstH#{EH

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

3.1.1 25 (Number)

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression
syntax is straightforward: the operators +, —, * and / can be used to perform arithmetic; parentheses ( () ) can be
used for grouping. For example:

>>> 2 + 2

4

>>> 50 - 5*6

20

>>> (50 - 5*6) / 4
5.0

(BT —TD
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(B E—H)
>>> 8 / 5 # division always returns a floating point number
1.6

Rl (Hp 2. 4. 20) [Hint 2488, SFA/NECEGERGE (B S5.0. 1.6) () float RUfE. FAHE
TEZ AR BB B 3 2 W R B A 2 A

BRI (/) AGE [ 5 float. QR EAS floor division [EIEFIREBINKTR, R0 AR // #5875 #H5R
AR %

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

5.666666666666667

>>>

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

5

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

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

17

£ Python 1, FHEEIRK (powers) AT DAfH] ** 5 :

>>> 5 ** 2 # 5 squared

25

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

AR (=) FTDAR RV O (e . IE e 2%, 76 TR R FICHiEAR g BUR 4R :

>>> width = 20

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

WR— R SR BORYE [ £ 5% (defined) | (RPSEBORWIIE ), Bl (0 B & i B — (R e -

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

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

J

VT SR SEE Y SR, TEHLT (operator) i RIR-AYIERIIC (operand) IR 1L RS B HE T )
TR

>>> 4 * 3,75 - 1
14.0

FE B AR, R —(E E R A GOR G R IR 2580 _ . BN E IR Python 115 Lt
AR, EREEIEENES L

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

>>> price +
113.0625
>>> round(_, 2)
113.06

J

! P - mIERT, 3702 Sl - (3v+2) [EAE] -9, AR GERRIMEEIET DASE] 9, ARATPARE
M (=3)**2,

10 Chapter 3. —{HJEIEX A9 Python &4}
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25 {1 5 SO e e 0 AL LE) L BB AR . S % P B B & IR - /R VT DA — 181 789 7L 2 A ] 74 A
SR 2 e R S MO B A A T

%7 int Ml float, Python 323748 T HAhM M FAIRE, 107 Decimal Ml Fraction. Python ZR[EI#E 7
R (EJ#f (complex numbers), [EIffifH § il T B A 2 EHAHD (B 3+55).

3.1.2 Text

Python can manipulate text (represented by type st r, so-called strings”) as well as numbers. This includes characters
”1”, words "rabbit”, names "Paris”, sentences "Got your back.” etc. Yay! :)”. They can be enclosed

in single quotes (' . . . ") or double quotes (" . . . ") with the same result’.

>>> '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"

To quote a quote, we need to “escape” it, by preceding it with \. Alternatively, we can use the other type of quotation
marks:

>>> '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

In the Python shell, the string definition and output string can look different. The print () function produces a
more readable output, by omitting the enclosing quotes and by printing escaped and special characters:

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

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

'First line.\nSecond line.'

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

First line.

Second line.

WERARAA B IuRl B\ s Rk 7 oemE, ATDASCRE I raw string, AE25— RS [ 5ERTIN L « -

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

ame

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

There is one subtle aspect to raw strings: a raw string may not end in an odd number of \ characters; see the FAQ
entry for more information and workarounds.

FHOSCR A ARSI T Horp— s UR M S [k L m L R T R
HEIMA T ERE S, WA DAFEERTHTIA \ ABOE EEATE. ARl 7

PRGHABRE S, RRRAFSRAT \n FERL (L) 0 (L) SR AR R . RTRE S SRR 22, e G B SRRy,
NREE " (HEBE "), KZIRF .

3.1. {E Python E{E5tH#ER 1
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print ("""\

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

nn ll)

GFEEIT RS (RS- EEGEEA e S B ) :

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

FEAM[PAME A + fE 7 (concatenate), [FIF] * A FHAEIZA:

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

'unununium’

WA DA _FAHBRI R SCAR (string literal, BIRES 1SRRI FHY) @ik B B ik

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

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

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

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

(EIE R RS AR AR rG) 7 AR LR, i oA P A A el e a o

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

prefix 'thon'

AAAAAAN

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

PUESE U (U el s & IS S R DI

>>> prefix + 'thon'
'Python'

FERAT AR [FR5] indexed | (TR, Bl subscripted), 55—fHF e KRG EE 0. EH# 7 F0R 7T RE;
— A7 IoH R —R/NE 1T

>>> word = 'Python'

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

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

RO EAT AR R, BERFSOSAE A BT
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>>> word[-1] # last character

'nl

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

>>> word[-6]

lPl

TERBIAEE -0 2[R 0, AMRTIMER -1 Bk,

BT RGN, FERIRSCE [P slicing] o 5| AARSES MY F-oC, Miy) 5 H AT ARE /R & 5 5
(substring) :

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

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

DI & 5] (slice indices) AR # IR TERAE, A WGEBTERTMERFERRE O, 1148 W55 — (AR 5 [ELIRG TR i
8 FR AL EFE slice

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

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

'on'

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

HEEPEMAGEPA S, MERAGENBES . SR T s(:1] + s[i:] KEFN s

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

J

T EA I ] LT AT slice /2 ANMTIEARR Jr 2. AR slice ARG MERRZF TICMZ B, HopH—{E 5o 2=
i 0 FHE ) n ooy 75 i — P oo A e e KT ME ~, Bl

ot —t—————————+
Pl yl t |l h|]oln|
e St S
0 1 2 3 4 5 6
=@ =5 =4 =3 =2 =1

AT T A E TR RIUAEE 0.6 AL E; B TATRIBUR TARTMEN ML E. i 2 j 1Y slice 175 THE
7 1 BRI BT AT T

AR RGMAT F, — M slice W RESEVRHRIMEZ 22, WARRSIEAFRETRERE. Fan,
word([1:3] WEEE 2.

B P30

>>> word[42] # the word only has 6 characters
Traceback (most recent call last):

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

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

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

>>> word[42:]
T

3.1. {E Python E{E5tH#ER 13
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Python “FH A - BN Zimmuiable. P, Bk dr i 225 A B0 e [ 4: 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

RS B AR T HR AR S — T Y

>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'Pypy’

El# e Len () [0 f—f T ER AR L -

>>> s = 'supercalifragilisticexpialidocious'

b4

textseq

FHp g sequence BB EIGI 2 —, [E3 1B % BEH 1.

string-methods

R IR A 2 M A EIAN 18 1) method (J5%:) .
f-strings

A5 AR A TR SR
formatstrings

BN I%EI str. format () FEEMIAL (string formatting) )& EH

old-string-formatting

TETEE & M THZEERITRE, IR T R AR AR, SRR EAESS h 4

3.1.3 List (&%)

Python FFSAEEI AR RIIE), HIARAL A IFIMEIE . 52 R BUEE list, AR — RS
PLESE PR EE (f2 e, Bl item), SE7ENFESEZ . List AfAEAARFRBEIR TR, HEEE
SeTCE G A A Y BU(ED:

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

tnfEFEE (A S HABEE P sequence BYE]) | list AT LABRZ S FI4) A (slice):

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

1

>>> squares[—1]

25

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

List ¥ 3732 {044 (concatenation) 2534 :

14 Chapter 3. —{HJEIEX A9 Python &4}
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>>> squares + [36, 49, 64, 81, 100]
[+, 4, 9, 16, 25, 36, 49, 64, 81, 100]

AREAFER R immutable, list Emutable BIF], R list EIZ 2l BERY

>>> 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]

You can also add new items at the end of the list, by using the 1ist . append () method (we will see more about
methods later):

>>> 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]

Simple assignment in Python never copies data. When you assign a list to a variable, the variable refers to the existing
list. Any changes you make to the list through one variable will be seen through all other variables that refer to it.:

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

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

>>> rgba.append("Alph")

>>> rgb

[llRedll’ "Green", llBluell’ "Alph"]

ﬁ@ﬁﬁ%f@%ﬁ@ﬁl%#@%ﬁé@ list , L& BERMICE. ERGAEE A RS M) BE T A st (1) 3(E)
F:

>>> correct_rgba = rgbal:]

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

[llRedll, llGreenlI’ llBluell, llAlpha"J
>>> rgba

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

AT AR slice BU{E, & REMCEE list R/, BEAU2 25— list:

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

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

>>> # replace some values

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

>>> letters

('a', 'B', 'C', 'D', 'E', 'f', 'g']

>>> # now remove them

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

>>> letters

['a', 'b', '£', 'g']

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

>>> letters

[]

E#R Rt Len () ZRA]DAVEFAAE list I

3.1. {E Python E{E5tH#ER 15
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>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)
4

WA PARRE 22 list (7 list A0 5 HAt list) , {5040

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

>> n = [1, 2, 3]

>>> x = [a, n]

>>> x

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

['a', 'b', 'c']

>>> x[0] [1]

b

3.2 MREXRETHIR#E

Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can
write an initial sub-sequence of the Fibonacci series as follows:

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

>>> while a < 10:

print (a)

a, b =Db, atb

QO Ul W N BEFE PO e

EBITFIA T # 2R

© HATHBL T ZEME: B8 a Bl b ARG E] TRHE 0 B 1. FEsmAR AT R BRAIE A T
—UK, LT ARSRI A BGEST (expression) & SEHEETFT (evaluate), MRAETHHE/E. A TARER A h /42
BEHWTFBE -

* while [FIEHZERMGRAEE (EM: a < 10), ME—HEENIT. 7 Python N CHEF,
FEATAEZ A AT (true); E(EUR (false). MRPFATLARTER, list. L2 ZALMFHH(E; LA
FRRENTFIDE, ZHF5HERE. A0 ?ﬁﬂ%é’ﬂfﬂ#m@?’"%ﬁ’]tﬁﬁ ERIER L BGE R T
(comparison operators) i 417] C 5 &H —HRAFFIE: < (VNR) . > (KIR) . == (). <= (MR
EIR) . >= CRIRER) PAK 1= (RZER).

o [EER M ar s HE: AiHELE Python H ISR B —#EBRIA . B $emTocth, IR ZrEER
[EIrf—F7—BRAAHEA tab 535 (IR ) 25 FosRAMERAA . 0B L, AR EarE SO dmias Th (i ir
F A 2 M A A B shae. & MEEGHoA AT A, T
KR 2 I — AT AT ARRERAR (RAERRA RIS B A B IR TR A [ G oA B iR —17) . 7
e R AR B v (B p Ay = S e R RS — 2L

* print () KA ERIERGIE (1) OE. ASREHERME TR ER (B2 s

SEvEEED)) e DAREBRE S S e RO E A T BV R A S 58, [ ERRIHE
HHEmA—M=E, R ARIRA g, giin:

16 Chapter 3. —{HJEIEX A9 Python &4}
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>>> 1 = 256*256
>>> print ('The value of i is', i)
The value of 1 is 65536

[ 75 | 94 end WT AR ARG S BRSO EATAF A Bk o, B3 AR TR 0 65 ki o

>>> a, b =20, 1

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

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

I3

3.2. MREXBHOYSS 17
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cHAPTER 4

RN T fRR IR

As well as the while statement just introduced, Python uses a few more that we will encounter in this chapter.

4.1 if PR

PR SR BOA RS if 7. ROIZRE:

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

More

AR, nAEAES AT ZM elif [EiR, H else ERRERZLHER ., BI#T elif &2 [elseif ] (¥
ﬁ%’ qu—i&%% WEZ R AEHE. — 1f ... elif .. elif ... FAIAT A ARE R HAWFE A FE S 1K) switch
oy case

SRR ] — (R B 2 A T L, s A A R L E B 1, AR VT & 88 B mat ch BRGAZCH
RAH. B2, #E2Emnach kit X,

19
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4.2 for BRiAR

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

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

J

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

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

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

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

4.3 range () HER

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

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

S w N O

J

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

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

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

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

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

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

little
lamb

S w N e O

SR, TEL T, i enumerate () BRHEEIH, 3 REIEILT,
QAR B2 B — 1 range HIj & ) B AR A

>>> range (10) }

range (0, 10)

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

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

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

6

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

4.4 B8 break 1 continue FIRKX K else F4)

The break statement breaks out of the innermost enclosing for or while loop.

A for or while loop can include an e1lse clause.

In a for loop, the else clause is executed after the loop reaches its final iteration.

In a while loop, it’s executed after the loop’s condition becomes false.

In either kind of loop, the e1se clause is not executed if the loop was terminated by a break.

This is exemplified in the following for loop, which searches for prime numbers:

>>> for n in range (2, 10):
for x in range (2, n):
if n & x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

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

OW 00 J o Ul v WIN -

(B, ERIEMOERE. BT else THEN for T, EHE if BiA.)

4.4. FIE[HY break 1 continue BRIRRX K else F4) 21
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B else TAIFREIERE, AR i PR, ETERE cry Bk else FAI S EHIML:
try BARA else THFEEIH A5 (exception) Rig T, MEIRE else THFEEE (LA break 3§

AREHAT. EEZA R try BOASFIBISMI N, 265k,
continue A, VRN CREH, FRETE T BT~ MER:

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

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

print ("Found an odd number", num)

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

4.5 pass BRiR=

pass BAXAATALMEVE. &l IFERRA B/ 2B X BRSO 75 B AT L B AR R . Bl

LUE

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

TEACH NS LAY class (JHED) :

>>> class MyEmptyClass:
pass

|

pass ANAAEEl— {8 ok Sl e (2 B S0 T BA (28, e VRIS B i AR G IR I AR PR A S i S v S A

JEIR. pass @ EILPLZNE:

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

4.6 match BRARX

match B G - FEE R, [ B AR, (pattern) HEAT HLER, 18 BUAR 2 DA— MR BR
LA case IR F /R, Fim L, B C. Java 5 JavaScript (PAKFFLZ HAFES) A switch AL,
{H'E 82 Rust 5§, Haskell 45555 # A VUL (pattern matching) SEEFIIT . H AT 55— PURC R (X €l

AT, MEWA AR (FACRE R IE) G S e s e

BRI, Sl T (subject value) Hil— i 22 ThI{E (literal) HEAT LU

def http_error (status):
match status:
case 400:
return "Bad request"
case 404:

€ & A}

22
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(B —1)
return "Not found"
case 418:
return "I'm a teapot”
case _
return "Something's wrong with the internet"

AERRAR — B TS _ RARTEE A F 7 (wildeard) Bf €, HAGE AN EILRLRIC. WEREVE case
PUECS), RN S AT AT 735

PRATRAREI 1 (FE]) SROH 2 (= 1o fEL AL 7 B — Ao

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

R AR EAE 2RI (E (unpacking assignment), H ] DA ARG A58

# 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 (£"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

i AN AR il 1 S — MR A P E, W] DAARAE R 2 B i i ME R A . (U2 BT
AR & T — I — s, Haz#(EI% (bind) TR E £ (point) —fHEfH. 550U
AR ErER A, & A eSS DRI (x, v) = point.

WIERAREL R class RS HEALARIG G RE, VRATDAGE 3% class 19 44 B b —1015 | 8081 %, B0l — 1 Ee A X
(constructor), {H'& BE[E a8 1 (E 3] 4 g -

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

def where_is (point) :
match point:

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

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

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

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

case _
print ("Not a point")

YR AT PAKES B 22 8 (positional parameter) Hi— 26 EFIHE H & MY B class ($i41 dataclasses) — i ] .
PR ] AR FE class W s ERPR B __match_args_, ACEFA P BRSO E . IR T B
B (Ox7,y?), HIPAF AR RE R ARE ) (HAR S E v v 458l var)

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

Point (y=var, x=1)

= e

Point

4.6. match PBRiR 23
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PRARG R —FRHERE Yk, R EMAEVE 2 VR e R (E (assignment) 22 {IEIZR A —FRAE(HIES, EHM
AT DA T AW e st e sk (B (. R a R (82 LI var) BE#E match POAENE. ZiorFa
G (W foo.bar). WA (LM x= & y=) 3 class Z 8 (fEMEERC.)" B, 0 LmEm
Point) 7Kg MEEGRE .

P ] DT HP S E (nested). AN, ANSRFRATAT — 1 H 3 20 25 B A b p) i 4 list,  FRAM kv AR 15 bk
A __match_args__ AR¥EE#EfTVLHL :

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

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)l:

print (f"Single point {x}, {y/}")
case [Point (0, yl), Point (0, y2)]:

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

print ("Something else")

J

AT AEAR I A— 1£ 74, RE] [Bi7# (guard)). QSRaZPTEEIE, ) match G#HERT
—{if] case ¥R . wEIER, (EAEECEEE A AL R RN 2 i

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

LR R 3 o ) At 4 ] R A €4 -

o BLYRARILE T ESIL, wple (GCAL) A list BN HA SE AR RIS, 2R LT PAPSRCAE RS
W7sl. —EEZRGSL, REMAREICRERE (terator) s FH .

o [P (sequence pattern) W] 7 % 1% T ¥ fi# (extended unpacking): [x, y, *rest] # (x, vy,
*rest) MERBLUATRRE. * BHPARBTUE _, A (x, v, *_) FICE-—M 20
HWTH, HAEEEARMIEPA MY AR I,

o WA, (mapping pattern): { "bandwidth": b, "latency": 1} BEf—1# dictionary (ML)
[EJHL "bandwidth" J "latency" MfH. BEFHIBRE, BAMOGE (key) GHi 2. —TEH 2
**rest IR, WRIPR. (H ~_ 224800005, BieAeER . )

o (fi 1 B8 as 7] DAEIBL LR (subpattern):

[case (Point (x1, yl), Point(x2, y2) as p2): ... }

eI AR S R CR AL p2 (RBERZH A — {8ty wl B T AL 751 o

o KERO ) B 2 FE AT S (equality) 2K ELEE, {H 2 HF19{F (singleton) True, False fll None
S FE A (identity) S LLHE .

o AT RAGE P 44 35 0 (named constant) . 35 SERECEZ2 B0 R 44 R, DA S e 1 g pee [ (B e
B

from enum import Enum
class Color (Enum) :
RED = 'red'
GREEN = 'green'

€ & A}
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(L —5)
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 SR AR AR RIHAR 61, AT DAED PEP 636, &2 DAL A% 2 4 55 11T Lo

4.7 FFEFHI (function)

FA T DA S — (0 ok A AR 2 U B — i E A

>>> def fib(n): # write Fibonacci series up to n

""Print a Fibonacci series up to n."""
a, b =20, 1
while a < n:
print (a, end="' ")
a, b = b, atb
print ()

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

BT def NMEH—MHRNE & o BZARLIHEZ R A AWM ERFE R P —$H 2. 3T 17
&, A AR BRR R E R e =

— {1 B =X ) 5 B AR AT DA B R SO % R SO W B R eR X A BB SRR, B doc-
string, (B3R docstring 1 40 i 75 2 WEIPA ST 5 % (Documentation Strings)Bx¥%. ) 4546 T. 2. AT PA{d
docstring A& [ B [FIAE[F)_F- s 51 B SO, olage ot 11 3 B DA B 1)y 20 7E S B 5 v (BB S o e SR AR S
HA docstring 2 AT B, M HOE R EE .

PR BT IR B S — (B4 5% 2 (symbol table) Afittf7a% ok 2 EY 1545 4% # (local variable). SEAFEHL(E],
JT A7 7 R T 5 SO AR e R (B e — A AT 9 e . AR, E5 I — (WS vy, @y o (8 A
SRR, HORESME s AT 98 R, HIRE 7983 (global symbol table), 5cf% [Elifr 4 /4
4. DL, TERGCH, Ao S sk AR MR T DARES |, (A e R (Bl aieiss
WURTE global PR PYUESE, BONERAEHAE nonlocal BRI PHIESR).

AE— i B P I A, B AR 28 (5130 @%ﬁbﬂfxiﬁgjfé’][iﬂé TR, P, %l%ﬂ%/\
975 SEMRALF ] (call by value) (E[EVEEIIELKE & — A1) 5 1 (reference), A ZZYIPFHIE) .
{7 2 (T R X EGIR IR I 2 | IR, R i i o o e e 7 — (R P I AT 5 2

SRR, R A A S R, MR SR, B E
1158 72 3% (user-defined function). {1 T DAAS i 4 EDROSE 4% , 0508 e th i DA P ol X A0 -
B R ER Gk R

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

VPR L, AR ake$o (call by object reference) WENE T REEING Y] . FAE], FrMR a2 rT Y FRE, DRI S AT
B TS (BndE A List ErHEH ) .

4.7. F#&EHI (function) 25
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WARAR R A B ERE S, IRATREAIRRE £ib 2 ek, 1227 (procedure), PHEIE [EIEIA [l E(H.
PR b, BIRE— (e s return BOAR, BINE—EEE M EEE. S EERE vone (B2
—MAEEEA ) . fEE R T BB A None By, AW AGPHEUR. IRATAB print () REFE

>>> fib (0)
>>> print (£fib (0))
None

TR g — (0 bR 2 2 s List IS @ E AR, ERRAS:

>>> 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 =Db, atb

return result

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

TE B — RN 8 T — LY Python K¢k :

 return BARZCE R X (. BB return RAMIN-—EEE X AEES | Bk & b {5
None, —ffpR=EATEI4 AL & []E None.

e The statement result .append (a) calls a method of the list object result. A method is a function
that ’belongs’ to an object and is named obj.methodname, where obj is some object (this may be an
expression), and methodname is the name of a method that is defined by the object’s type. Different types
define different methods. Methods of different types may have the same name without causing ambiguity.
(It is possible to define your own object types and methods, using classes, see Class (3a[F]) ) The method
append () shown in the example is defined for list objects; it adds a new element at the end of the list. In this
example it is equivalent to result = result + [a], but more efficient.

8 RATHREHXTERE

S 5% bR 2 IRF 1) )5 | B0 (argument) SRR PTAR Y . AT =0T DARL A BT O TE 0

4.8.1 HESI®{E

(B8 s 21 5 | e o2 TR R ARG . eRsURNL AR, 7T DA BE A IR 5/ 5 | OV i % e X
B

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

if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False

retries = retries - 1

if retries < O:
raise ValueError ('invalid user response')
print (reminder)

7% BR ] DA DATR #8 y sCgepny -

o NG| 8. ask_ok('Do you really want to quit?')

26 Chapter 4. AT MHEEH
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o T —HEEIEM S| #: ask_ok ('OK to overwrite the file?', 2)

s M THITESI¥: ask_ok ('OK to overwrite the file?', 2, 'Come on, only yes or
no!'")

BB T BEE T in, AIRIRURE S Ap e 15 60 & R R E
FRAR R A ERE T, R & BRI AFRE, Bred:

i=25

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

i=56
£()

AFEE 5.

FREES: S ORME R HHEBUETI Y F, fIa0 list, dictionary (F°8it) T2 HHEIFL By,
FEAEARRRER . B, DU &R R A IRy 6 SR S BRI 5

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

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

A

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

URAAEAEAR A I 2 T I FE e, B AL 7 s 55 e X

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

4.8.2 FARFSI®
PR AT A Bl 52 5 51 8, DA kwarg=value HITEAMFN] . BEIRE), DA

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, "!")

ez — B [ # (voltage) FI=fHi#E 5| 8L (state, action, Ml type). #%pRz\Al I FIUE—T7
FCEnY :

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action='VOOOOOM', voltage=1000000) # 2 keyword arguments

BHET—H
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(B E—H)
parrot ('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword

(HDAR iy AR AL

parrot () # required argument missing

parrot (voltage=5.0, 'dead') # non-keyword argument after a keyword argument
parrot (110, voltage=220) # duplicate value for the same argument
#

parrot (actor="'John Cleese') unknown keyword argument

PRCIEN R, B4 TS 8 (keyword argument) DAZE 7R B 5 | #] (positional argument) f41i . FTA (4% 11 B 4
o | s ZE D B — 1 T 9k R 02 15 [ # (actor A& parrot B REH) , 1M B 751 B
JEFFEIANES ., R FELEE %, (parrot (voltage=1000) HARL) . 5[ RT 2 Upii
fE, TS0 PR B il i 4 ) 1515«

>>> def function(a):
pass

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

J

Wi g2 IE **name JBAF, EHIC(H dictionary (78, FVL typesmapping), &% 7 MAL%TH
S WO B RT3 . > *name ATPASR *name 28 (F—/MiiN#H) MG, *name #
We—filmple, % tuple 8B WUASMI AL ES ¥ (*name AR BIAE **name HiTE) . BIA0, 8
TE ST PRI PRI

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

AT AR LY -

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

B 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

VERL, BRSO 0 E B i o IR AR (A ME e s — 2
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4.8.3 BHHEE

FERTRNIE), 31 $CAELA (7 o TR DL IS BB 4 Python it (E) T A5yl s JAAE , US|t
ORISR Y, I, PHSEE A e, BV THEE I R, BB sk T, B
S BB .

PR UE T REANA T HkaX:

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

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

/A SRR . LU B, R RS MR R RN S R (BRI R
T R T . WS 2 E REI 4 28 (named parameters)

(BRI =5 |8 (Positional-or-Keyword Arguments)

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

{EPR{IE 28 (Positional-Only Parameters)
VLRI RA — Lt , HhE 2T B EE R E . 2 MEERE B, EMMIEFREZ, HiE

S UORRE T B TR . (RO B2 M ITE / (RHE)) 2. / FDRTE SR b 43 B (3 PR A5 2 8
B AR WRRAERPES /, WREG SR E 2.

/ PRI B2 BT DAJR S F 2 M 42 5 o2 TR B 4 200
PRI 35| 8 (Keyword-Only Arguments)

ZHEZ WA EME R M 58 T, KIS B DA B 7 5 | R, e [ R o — AR IR M 58 F 2
WAL~

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

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

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

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

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

J

F—K=UEFE standard_arg REMEBABIIER, FIFN D7 EA LRGN, 7 DA (7 2 B i
TFEET |

>>> standard_arg(2)
2

(BT —15)
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(L —5)
>>> standard_arg(arg=2)
2

5 AR pos_only_arg WRUESRTA /, HNILEREEHN A ESH:

>>> pos_only_arg (1)
1

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

=R kwd_only_args R UE ki ~ R ERR B 75| #e

>>> 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

R R T E ] — i R A S, i T i =y

>>> 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'

B, WS MBS, WUR < kwds V4 name JEfHEE, TTAESALES| 9 name FVEEI/EMZ:

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

PR R AR AT BRI True, WEBI#T 'name' jKig @57 —MS 8. Hln:

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

J

B/ (EERRALESI#) &, $ATPAT . BRsUESRE L dF name HARMIESI#, T 'name' Wl PALE{E
B 5 | Ro P

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

€ & A}
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(R L —5)

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

[EVIRRE], (ERRA B2 M A R ATE **kwds R, MIAEILEBSE.

B
I 91 ) P 2 2 T DA A B 0 56 -

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

[EJH -

o WERAEGE AW SR, SR ERAIE . 2 W I TR sy, A hlE 5
AR A A HES N, 550 IR 1) (o 2 O R B iy, s Al U .

s W2YATAER, DR L R #RUESRE S B, SO IR B 2 MO S | Seg R ey
OOLEE, ff A (R

o EHE AR (APD, (EAIERAIE, PART IR M RS U 1 i APT A P BT PR SR T

4.8.4 {EE5|81%5% (Arbitrary Argument Lists)
A%, AEENE A, EH0E R Ry, ATRAE AR B R 5 . B2 | e et et —
il tuple Wt (FF WL.Tuples #2371 (Sequences)) . F£N] SEBENE | B2 11, WREA 2 ol 2 H 5 8

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

W, 5L variadic (WEERY) TIWCE HBIAE 2 WO R ERAS, EERE T DMEBTA R AR ok XY 7
RIAGBEPHENR . MBUE *args Z2YURTIEM SR [ERRET ] 518, BREMAREE
[EIRISE 519, ORREFIAEALE S 9.

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

N

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

'earth.mars.venus'

4.8.5 FfES| 815K (Unpacking Argument Lists)

W | WM L RS AE— 1 List 5 tuple (E], (ELE) 5385 2 — {1 S RT3 15 | iy sy, 2 g 2 0
TEEE R e AR, it [EER range () BRI BIRY start Al stop 518, TRIE L5 | O 2 40 BIRY
R BAERF I e U, )~ JESETHES S GE list 51 tuple HHARARRHE 2K :

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

[3, 4, 5]

>>> args = [3, 6]

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

[ bicHlL, dictionary (57) FTRAM ** MES7 AR B o 55 | 4
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>>> 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, "I!")

>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}
>>> parrot (**d)

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

4.8.6 Lambda &&=,

Lambda BT R H /NGBS HR . Lambda a, b atb s A5 BYA . Lambda st
AT BB T B AT, AERE |, PR N . (e b, b — (e
i X A S M (syntactic sugar). SLELARBR 73 E, lambda b8 5T DA £ 45 221 £ e 5
s

N
>>> def make_incrementor (n) :

return lambda x: x + n

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

42

>>> £ (1)

43

T B Tambda JETSCRME T e 53 A R R R /R R A

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

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]

4.8.7 FIBAX {45 & (Documentation Strings)

PATF 72 B A R S R [E A R i

S—ATH e — B BRI 1 B 2 R . (BRI, AN MEAE 15 (EV W] b Bl i oy 178 174 2 A g B4 [,
ﬁﬁﬁﬁﬁ“ﬁﬂ%‘@ﬂ*ﬁlﬁl I (BraEz B i g — ik sm =R F R B ) . 8 ATIELAR S 75
F}ﬁEE7 [/y\/ﬂ%}ﬁmﬂ%o

SR EIZ AT, 8 T ATHEE S AT, e LR SRR B . AR TR AT R L — s (A B
W, TR PER RIS BRI AR

Python FI#f#% (parser) A %[k Python *P 24T A A, FRIL, B RIEIR SCLF R TR EAE b2 IR 25
RiE. ETEERVEREOR A TG FES R AR —A7 2 A 5 — AR 2 AT EDE T R AE R SO H i Ak
CRREFSA—ATiAHE, I E @ B ep i BB | SRR, HARHEE 7 SO R BIE) , S8 4%,
AFHAT BB AR [0 AT orE Pk, A BL b i DR TR, (HAE
BB T, BT AR A OO R A . JRBE b 42 GEEEDVESK), BT

JCRERAEE .

TR A TN R Y — (R -

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

No, really, it doesn't do anything.
mrrmn

pass

€ & A}
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(R L —5)

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

No, really, it doesn't do anything.

4.8.8 FHR (/& (Function Annotations)

e R R BRI U LR (metadata) B, ARG ¥ 2 el BT (M A AUE (SE2 ¥AGE L PEP
3107 %1 PEP 484).,

Annotations are stored in the __annotations___ attribute of the function as a dictionary and have no effect on
any other part of the function. Parameter annotations are defined by a colon after the parameter name, followed by
an expression evaluating to the value of the annotation. Return annotations are defined by a literal —>, followed by an
expression, between the parameter list and the colon denoting the end of the de f statement. The following example
has a required argument, an optional argument, and the return value annotated:

>>> 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'

4.9 [[Z%=dh: =B A (Coding Style)

BEARRI R s . SEEVRAY Python F25X, 2RFRFR— MR X T . KEUEES A REAANRIIEE
Apiey (EREREBE, Wb Xe), ALtk AR R k. ARl AL AR BN R F X
7k i 2 — (A 05, T8 PR IR i A e 23 A AR B )

EJ4 Python, KZ WAy HAHRLIE PEP 8 ARG EHATRI MBS HGUME TR HH LER . &M
Python BRI & A AL Rr IR TS B @ e e man i O F

o 4 ks AR, A tab .

4 iR/ paE (CARFERRSTERIE) FORAHE (RS (EE) Z MBI )%, Tab § @ikl
AL, RE.

o [EF7, SEi—FT A 79 5T,
[EVf 7 R e 6/ NEURSS RO B 5 5 (R, R n] AZERCRBUR 3 HEHERS ) 2 AR 5
o MZATor A class (FAED) , KR EROCHR A AR A
© WERFTA, JEEVE S B 1T
 fEHEW .
 ER TR ERRREMNSK, EAREENERERDEN: a = £(1, 2) + g(3, 4).

* Class FlIsR = an 4 bk —20 B, 4 class il UpperCamelCase (BElslK/NE), s
PR HL method Jf] lowercase_with_underscores (/NEHIEE). kigEfH self YEE method &5
—H 34 FE (B class F1 method, #5HL%7 &, class) .

o ARG RE 7 R BRI, RN AEH A 5. Python FHBEHY UTF-8 s £ £ 3i@ 1y ASCIL,
LT AR AT & R .
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o [FIRRHL, AN T R e AR i A T A BT LRt , AN SEAE Ay 44 (1 A ASCIT 5
JC.

(%
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‘Rl

T E N IR A AR SR AR i P AR b, () ELn A SRR [E B i E 4«

51 E—LTHE List (831)

List ((p51) @R BaE, A EZHAEN A TR T HTA B list Y1144 method:
list.append (x)

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

4 iterable (RJEICH:) 23 list 2. %[Fid allen(a):] = iterable,

list.insert (i, x)

ﬂ%‘r TRIEH IR AR list PASEMNIE . M5 HMEEAERCERSIME, FrPl a.insert (0,
) B AKE list 5/, T a.insert (len(a), x) HAIMHER a.append (x) .

list.remove (Xx)

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

list.pop ([i])
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes and
returns the last item in the list. It raises an IndexError if the list is empty or the index is outside the list
range.

list.clear ()
EJF list PATHEHHE . BERMR del al:].
list.index (x[, start[, end] ])

] {8 List rp o — R B S50 x I H 2 RGIME (BRI RT) o # list PELIEE, JIE®

ValueError ﬁ%%’%o

51 9 start Fl end )52 FEERAE slice FIRTAHANR, 1825 1B (45000 1 5 | R S A list HRRE 1 17
G HEVERRZ, BHEERTMERE list (BREEBRIRSAL, AL starr BRARTE .

list.count (x)

7] {5 x 7 list H AT S B A VRS
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list.sort (* key=None, reverse=False)
4 list I EHEY . (AR5 [ BORIEF TR EULIHEY , #52% sorted () F4MIARTE)
list.reverse ()
1% Tist v T H HiAR T B 2R o
list.copy ()
Il {2 BEEIE] (shallow copy) /1) list. SFFIR al:].
PATR 2 — i B 772 list Y07 m il 1

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

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

'pear’

PRATREE R S| — 20k, B2 insert. remove (/2 sort, [EIEMTEIHBIE(E, P L, fluffml
HHAE None' o @ 2—ff A Python Ayl 4 EORHAEHERY LTI o

FOMETTREWR B, AP SRR ARHEF B . BN, [None, 'hello', 10] miAAHE
7, PIER MR BL S R LU, 1T None ASBRBE A ZUEI o . A7 SR EURASHREVA 1 Sl 2 ik
ANIEFF, BN, 3+43 < 5+773 iR L.

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

The list methods make it very easy to use a list as a stack, where the last element added is the first element retrieved
("last-in, first-out”). To add an item to the top of the stack, use append () . To retrieve an item from the top of the
stack, use pop () without an explicit index. For example:

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

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

>>> stack.pop ()

>>> stack
[3, 4]

UMb 7 T DA L] (S48 S AR (), S AL AL T method FRHEL, B4 d->insert ("a") —>remove ("b") —>sort () ;.
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5.1.2 4% List {E[F] Queue (%) &

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

WEREFAE queve, R collections.deque, HAGEEHT MUY (ETH R W s AFIECH . B4

>>> from collections import deque

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

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

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

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

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

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

5.1.3 List Comprehensions (H3|{F4&EH)

List comprehension ( #3815 A8 58 ) AR T DA i 3R J5 3 A 722 Listo e A% B ) e S A— (1 7 1) B¢ iterable
(PTEWCIPE) , A — R O R A S ARLE S Y 4 R R AR tist, sUR A —@ T)rs), Hig—
A TCER B9 2 — AR 1Rl

RO, Bz ald M [FJ5 listd:

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

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

ERGE A (SER) Mg x, HAEER SRR IIARAAAE. FoAMn] s RRIEA:FJ7 $3 51 i A i
JRATA side effects (FIFEH]) :

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

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

T B R 5

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

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

T E LA A -

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

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

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

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

File "<stdin>", line 1

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

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

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

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

5.1.4 k@Y List Comprehensions

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

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

AR list comprehesion 1 147 S 47 41 -

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

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

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

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

e L ANE — B ) -

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

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

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

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

BB Z A, 52| %8 & (Unpacking Argument Lists)

5.2 del BRiARK

There is a way to remove an item from a list given its index instead of its value: the de 1 statement. This differs from
the pop () method which returns a value. The del statement can also be used to remove slices from a list or clear
the entire list (which we did earlier by assignment of an empty list to the slice). For example:

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

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

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

[]

de 1t T DA ZACTE] A 10 438 -

[>>> del a }

B %, ¥ a MBS EEREHR (200 —MENSHEIREIE 2 8l) . BAIAER B 2 E LB
del M HAt
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5.3 Tuples F1/F%1 (Sequences)

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

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

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

12345

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:

. u=¢t, (1, 2, 3, 4, 5)
>>> U
((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:

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

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

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

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

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

— AR ER R, B AIE S 0 A= L HIEH 1) wple: Fhvk L@ LM LEm B k. 20
tuple 5 i — 23R 9EACH S —EIHH (1Y tuple K& —EE N E—EIZBEACRIEE O 3E 98 —E B
—MEHEAERAER). B, HEaE. fl:

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

0

>>> len (singleton)

1

>>> singleton

('hello',)

J

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

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

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

Python #0408 T — MBI ser (4EA) MIERHEEL. —Mf set @My HEFEERITE. FEAMGEH
LS T BRI BR EECR . Set Y SORIAE . AcMk . M E R AFHURER

KIEHREL set () RAERTT DA AR AN set, R ZAIE MW set, RUEMH set () MAZ {1}
&35 Al @M 231 dictionary, —REFRAMIEAE T —Hi il i &R .

i (i 5 L Fr) 3 -

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

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

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

True

>>> 'crabgrass' in basket

False

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

v
(VAN
v .
o))
Il

set ('abracadabra')
>>> b = set('alacazam')
>>> 3 # unique letters 1in a
{'a', 'r', 'b', 'c', 'd':}
>>> a — b # letters in a but not in b
(=, VeV, "ig"}
>> a | b letters in a or b or both

#
{'a', VC', ’r" ldV’ lb” lml’ IZII lll}
>>> a & b #
{la', lcl}

>>> g ~ b # letters in a or b but not both
{lrl’ ldl’ 'bl’ lml, IZV, lll}

letters in both a and b

Flist comprehensions %8, t45 set comprehensions (£ & 4iEHEE):

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

5.5 =8 (Dictionary)

Another useful data type built into Python is the dictionary (see typesmapping). Dictionaries are sometimes found in
other languages as “associative memories” or “associative arrays”. Unlike sequences, which are indexed by a range
of numbers, dictionaries are indexed by keys, which can be any immutable type; strings and numbers can always be
keys. Tuples can be used as keys if they contain only strings, numbers, or tuples; if a tuple contains any mutable
object either directly or indirectly, it cannot be used as a key. You can’t use lists as keys, since lists can be modified
in place using index assignments, slice assignments, or methods like append () and extend ().

B % dictionary 11 7 R L B AR R — 84214 3 (key: value pair) 1) set, P §87E [F]—1# dictionary
R S RIE SR A E 251 dictionary: { ). A% FHAE SR BRI SR B B AR
TSR AR R A LA S 2 . 3 (ARt 2 o il R A A =

Dictionary = % {1/ 1 h S8 A e A7 (e (E) FL ] 388 oy s BB AR U % (. B mT A de 1 2RIEG: g A
fii AR FRAM A 2 SRR G A, % S T S M s B B S e B 2 (8 A 1 R AR 1 2 188 ol
P R o

¥ dictionary ffi ffl 1ist (d) €58~ MArA K lst, HHIEFERRARGNET . (FEs
HeF, A sorted (d) AREERITT ). WHRAAHERS M2 E O AR Mg, AT B in.

5 A2 {1 dictionary %) i 25 iyl :

5.4. &4 (Sets) 41
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>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

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

4098

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

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

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

>>> sorted(tel)

['"guido', 'irv', 'Jjack']

>>> 'guido' in tel

True

>>> 'jack' not in tel

False

PR dict () AT ECHEGEIE— 3 P51 A EE dictionary:

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

A, dict comprehensions 9, 7] DA% 18 AT 25 Gt B 1) 78 55 2 AE Al 2 dictionary :

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

W B TR R BT B B | 2 (keyword arguments) A7 TR @ (Vi -

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

5.6 [F/E#I5

When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the
items () method.

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

gallahad the pure
robin the brave

B HEEIERE, (CERT | LHEENE T AFER M enumerate () R[] REEUS :

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

0 tic

1 tac

2 toe

[ 3 R DA_E R PRI, AT AR H ARG O A zip () iR

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']

€ & A}

42 Chapter 5. &§l#Eig



Python Tutorial, [ 3.11.8

(B —1)
>>> 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.

T PIE R ERE, EeRs I IEm RS, FEHMN reversed () M

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

w0 J w0 -

LOAEIE 9 EHEF , BT sorted () G52 —EHTHYKEHE PR AY list , (R Gk s A 51 -

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

iﬁj‘ﬁ?ﬁu/fﬁﬁﬁ set () ﬂ%%ﬁﬁ%o %?ﬁu’fﬁﬁﬁ sorted() j]l]J: set () , Eu%%‘%—@ﬁﬁF?féﬂqui
0 2% i E R F) 1 s

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

A R A Er AH 2 AR 2 i S g lise, (L, S AR B Yist €7 SE i L L4224

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

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]
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5.7 E®E AT #R{&4¥ (Condition)

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

HEGER T in fll not in AREMA, fERMGPMA AL EAE (BOMEE). EE T is fll is
not HCEEIEY) (/275 R @ R P BT A OO 3 (0 48 S REATAH [] AR A (e 55

HBGEFE W DA e . B, a < b == c gl a 2E/MR b Ml b ZHAER c.

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

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

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

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

>>> non_null

'Trondheim’

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

5.8 FIIFIEMBELRRB ZLLE

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

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

[1, 2, 3] < [1, 2, 4]

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

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

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

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

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

R, A < B> ARICBOR RSP P2 AR, FORYI A 5 10 LB k. B, IR AR
(AR AR E MR E, FTRA 0 4678 0.0, 545, GHHIE MG GBI —H TypeError £
A e P e — BT R HEY o
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[FI#2
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=43 (Module)

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

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

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

BRIEEAATHIEA, AR EEBECT, Fr s sk a) .

AL F L 7 Python JESERIRERINAE S, MBS REATM L oy, 7ERBAT, BN ARE (FFE
TFH) GRS name_ BUE. BN, HEE B SCT MRS GRHCP Al —E AL £ibo. py

RS, BT

# Fibonacci numbers module

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

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

BUFEEA Python EF#AREI AT 484 import 38 fAA5AH :

[>>> import fibo

1

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

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

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

AR TRACHE G I R 20, T DA LA A 22 s

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

6.1 AT EH

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

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

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

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

>>> fib (500)

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

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

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

>>> fib (500)

>>> from fibo import *
0112 358 13 21 34 55 89 144 233 377

52001973 7 import BUALTH AT RO 408, W T ALK () PSR4 88. KZHANETT . Python Btk
VRSB, AR5 A TR A58 (LT A 7 s
FI%s.

HRETE, MDA R s A5 import * sk, PV GrSeEC o] PR OB G
R G S A LR T, R FT DA 0.

WA AR I M B as, Bl as ZARRYA RIS ELE AL import AR EAE

>>> fib.fib(500)

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

iE Al import 773Ul import fibo FEL L@ —Hki, ME—m2EENRBIAEE N £1b MHBAL.
FEREH] £rom gt n] AR [RIRR A 7 2B R |

VR L, mFUESRLR THEAT] 1 TRGRSNL; FERA TR E 0 R S SN, @ e R BIAAR Y At 4 A5
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>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 13 21 34 55 89 144 233 377

iE): AR N, A B AL A B B A session WU Er g import — K. UL, A0SR A B TR
41, HEEEEES g, R HE A L N R AL, FTDAMEH importlib.

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

6.1.1 IEEHE EEDARBIT

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

[python fibo.py <arguments> }

g import $54, BiAH P RS S EAT, (B __name_ #EKE]"_ _main_ ", 3
TERBH AR A A AR -

if name_ == "_ main_ ":
import sys
fib(int (sys.argv[1]))

i
2l
=
S
[
=

R AT DA AR S VEEIE At [7] 1R ] AFEE Y import fiSEal, PRIESRINT (parse) iy -5 AR CH @7 3 LA
2 B R, A aiiT:

$

0

python fibo.py 50
112358 13 21 34

SR B 24 import (1, JI % BORE U AN S BpA T :

>>> import fibo
>>>

‘%Eﬁ%ﬂ%%*ﬁ%ﬁi&%ﬁﬁ@%ﬁﬂ%%ﬂ@, s HRHECH B AT E R, PAEAR Y 7 A7
).

g

6.1.2 {RIEMBFIEE

When a module named spam is imported, the interpreter first searches for a built-in module with that name. These
module names are listed in sys.builtin_module_names. If not found, it then searches for a file named
spam. py in a list of directories given by the variable sys.path. sys.path is initialized from these locations:

o W AEA TR R E (ANARFR R, MR BTk 38 .

* PYTHONPATH (LAl shell 88 PATH [ FHEAHIR BRI 248 ) -

o BLEAEAHBRIBRE (FEO G & —M site-packages Bk, BiEH site BAFTER).
1t sys-path-init 47 5 2 () A1 i .

lE): AESCRATIREAS (symlink) O RGeS A A e GORHICRTEBR BEAF SR 4 2 22 4 Bt
. EFZ, WaAFRmAs i okl s I R 2 B G 1 R A

Wbz 4%, Python FxUAI MBI sys . pathe AT HIEIAR Y BT7E BOR) e e 18 S BRAR A B IR, TEARIE
PR AR AR 2 . B AR G P EA G e, AN 2 R ORI T R 4 AR . B
RAEEME RN RE, THER M. 552 R a B E £ g
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6.1.3 [#:E | Python {Ex

(BT i e ABLAL A B, Python 14 45 (AR AL Y A s AR B 774 __pycache_ &R, Em4E
module. version.pyc, igElf) version j& 4 s 1% A L A% = 44 F% , HL44 R 3 & & 1 & Python [ U4 4
5%, B, 7£ CPython 3.3 1, spam.py H & EMA K B 77 E] __pycache__/spam.cpython-33.pyc.
WA 24 T R AT DAGEE SIE [ S [R) AR B S s AR AEL R Python AN [ B[] IRE LA

Python RIS A ARG H Y], A s AN 2 705 i U0 i o5 S e . e — (e 4= H B AR
HOh, BRI TG, PR RIS 13 R BT T ASE ] [ — R U

Python 7E M RETFE F AR AL (cache). H95, B4R T At HLA i A B3R E iy O 9B RO R4 Y
Ho BB, MR, RPN @R, ZOORARIERAL () MBE, SmapR AL 0
PR IR IR R e, [ELHANREA T4,

— LU H R IR

* WDAFE Python #§4 I fff FHl B B 2 #( (switch) -0 5§ —00 AK[EVNE Ss il ) K. BIBIZ 8 -0
B assert (BiF) PR, 1M —00 [AIFEIN: assert AR __doc_ FFHR . AT e X n] REAKHE
it ks seEg, R R TEGE B OAEMOHER, AR k2. [EE1k] BA4LH opt-
R, HOE AN KA AR AT BE il s AL A RCR

« B .ove B, EEREBITRE S G I oy BN, RO R B
» {54l compileall TLAEIEORHSE G AT BEALAIEE pyc 1.
- WAL, FEERNRE, 5 %PEP 3147,

6.2 R4

Python P4y 7 — B EERAL L, REMRYN4RTESS — 13X, FEE [Python iisUE2% FE (HREE [ o8
A2 HTE]). A2 dagar hEEr; erme—r8 B Reh & 2% O ERRE ) E RS DAL,
HAMZETREHER, SRR GEARE (FIInARGIFN) . &SRR LA — ARSI,
EMRERIRE -G, fili: winreg BALEML Windows (. EAERIEALR sys, EWEEER
fiil Python F{#ds. 8% sys.psl Ml sys.ps2 HIIACGER T, KR TFICH7H:

N
>>> import sys

>>> sys.psl

'>>> !

>>> sys.ps2
Al Al

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

C>

HUE Hidn e HEIRCRE, 7 e s i s .
B sys.path B — 75 list, BEE HEM B S, By iAEEE % 8 PYTHONPATH
R TE RS AR, B2 % PYTHONPATH Kt E R, EEETHREFRE. /RnT DA EMERY list B4k

CTTe

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

ElE R dir () AR BAE R FTA 2. B W — R 2R 7 list:

>>> import fibo, sys

>>> dir (fibo)

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

['__breakpointhook__ ', '__displayhook__', '__doc__', '__excepthook__',
'__interactivehook__', '__loader__', '__name__ ', '__package__', '_ _spec__',
'__stderr_ ', '__stdin_ ', '_ _stdout__', '_ unraisablehook_ ',
'_clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',

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

'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'wversion', 'version_info',
'warnoptions']

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

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

AR, EANIrA R ARG . B, R,
dir () AEFHH EE R ARSI AR AURREZESIN BN, EMeoe SAEEERAL builtins [E):

>>> import builtins

>>> dir (builtins)

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

BE T
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(L —5)
' _debug__', '__doc__', '__import__', '__name__', '_ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

6.4 E{4 (Package)

Packages are a way of structuring Python’s module namespace by using “dotted module names”. For example, the
module name A . B designates a submodule named B in a package named A. Just like the use of modules saves the
authors of different modules from having to worry about each other’s global variable names, the use of dotted module
names saves the authors of multi-module packages like NumPy or Pillow from having to worry about each other’s
module names.

MBI A Rt — M Al e — PR P OB 3 M Bl Al S (T8 F)) . PIEE s S R AR R 1A%
X CEF AT MR A Kk, fin: .wav, .aiff, .au), Kk, BT ALK BT,
VR T B At — R B RO B & . [T 20 U5 BRI RF 2 A EE (B, &R
B HmmE . B AEARTRE . Al A TR0, AR — RS L SRR TS e
PATRRARRIE AT BRI 2 (ARSI SRR R A 07 (3R ) -

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 {4}, Python €784 sys.path B HE, FkEMANTHE.

The __init__ .py files are required to make Python treat directories containing the file as packages (unless us-
ing a namespace package, a relatively advanced feature). This prevents directories with a common name, such as
string, from unintentionally hiding valid modules that occur later on the module search path. In the simplest
case, __init__ .py can just be an empty file, but it can also execute initialization code for the package or set the
_ all__ variable, described later.

BRI AT AR EFH import HERAL, 140
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[import sound.effects.echo }

This loads the submodule sound.effects.echo. It must be referenced with its full name.

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

73— import LAY Iy ik

[from sound.effects import echo J

This also loads the submodule echo, and makes it available without its package prefix, so it can be used as follows:

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

A A b 2 4 import JIT S 17 R X Bl s

[from sound.effects.echo import echofilter J

Again, this loads the submodule echo, but this makes its function echofilter () directly available:

{echofilter(input, output, delay=0.7, atten=4) ]

AR, i from package import itemWf, item W DUREMFH TR (STEM), WATARE
e S 2R, B2, class (BHE]) S8, import BUARX IR EMN A EA & 35 item;;
WAREA, Aefse b, EEBA. MR 2RAT item, JI€518 InportError fl4h.

ML, (] import item.subitem.subsubitem §fikRF, B T7RE—HZSL, H—HAULHZEE
s BRAg— TR DU B B, (HORBER AT — I E 58 class. bR EE I

6.4.1 #*EHd import *

WHMEF T from sound.effects import * i, @#f/EfHEH? MANET, RMAReAERNX
W ZEERS, SREATHAEN THA, [ENFEMEiimport. B HEHBRIEFH, H import T
FRAL AR 1] RE G A EE R R B LR 1 A LW import TRGAL IR A Er 8824

ME— 1 R vk R R B EE D E RN RG], inport BRI H A TESG: WREMHH
_init_ .pyBERXEHER MLE __all_ {#list, #iBF] from package import * [HEHE, &
Gy 2 Bk import (A RE . BHERIRICARE, E0EE T BATEE &6 R list, WREAE

FBEEE NG ie b2 4w import *, fhth ] fE G ElE AN 3% 5 MM List. EBI2[E], sound/effects/
__init_ .py HEEAAEDAUF RS

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

This would mean that from sound.effects import * would import the three named submodules of the
sound.effects package.

Be aware that submodules might become shadowed by locally defined names. For example, if you added a reverse
function to the sound/effects/__init__ .py file, the from sound.effects import * would only
import the two submodules echo and surround, but not the reverse submodule, because it is shadowed by the
locally defined reverse function:

_all_ = [
"echo", # refers to the 'echo.py' file
"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 *'
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If __all__ isnotdefined, the statement from sound.effects import * doesnorimport all submodules
from the package sound. e f fect s into the current namespace; it only ensures that the package sound.effects
has been imported (possibly running any initialization code in __init__ .py) and then imports whatever names
are defined in the package. This includes any names defined (and submodules explicitly loaded) by __init__ .py.
It also includes any submodules of the package that were explicitly loaded by previous import statements. Consider
this code:

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

In this example, the echo and surround modules are imported in the current namespace because they are defined
in the sound.effects package when the from. . .import statement is executed. (This also works when
__all__ isdefined.)

HESR, AHRPERALI R, AAREIT import * W, RZACAL A g R E G4 A, (AAEIESK
B85 (production) ARG HiE (1A HARE R A R B

FE, il from package import specific_submodule NEHEME! HE L, BEMEH
¥, BRAE import B AR 75 B M ) TR AT HA S 2R AR A R 44

6.4.2 E#(I5|H

When packages are structured into subpackages (as with the sound package in the example), you can use absolute
imports to refer to submodules of siblings packages. For example, if the module sound.filters.vocoder
needs to use the echo module in the sound.effects package, itcanuse from sound.effects import
echo.

You can also write relative imports, with the from module import name form of import statement. These
imports use leading dots to indicate the current and parent packages involved in the relative import. From the
surround module for example, you might use:

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

AEVERE, A3 import I /E 2 DA H AT REREE . E R A A AGE 2 "__main_ ", F7PA
TSR MRS T T o £ Python Ji AR Y S ASCARL, A& b 28K 3 i (EJ3F import.,

6.4.3 ZHEPHEH

EOHSR—RPRBIE __path__. EXERIIRILIF S —fH list, @B __init . oy FETE
i H EA R, BRI AR T i (AR RSB T 2 AT, B RS BT AR e, (ELE A s Bl
A BB T

BESRIE R A KF AR E, (HE R R E M h RS

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

71 FEENEHEN

So far we’ve encountered two ways of writing values: expression statements and the print () function. (A third way
is using the write () method of file objects; the standard output file can be referenced as sys . stdout. See the
Library Reference for more information on this.)

U G DB AR T ], AR RS BT A AS B (. AR e L 1

A

o BF AL XALTF & K (formarted string literals), F5ES5 BRGAHIAT G | 9E el =85 | 980 m_L £ 5§
Fo RO DATES M e il A { 8L} 4078 Python 345, 5| %8 #ial HoAth 1 {E (literal values).

>>> year = 2016

>>> event = 'Referendum'

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

o FHIY) str.format () method F5E WL FB#ME. TREZRT AN { Al BURAER A S HUYf E
Hl s Prtanntg 484, B/ F RS X ) &Rl

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

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

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

o etz , ARERTPAH QR HRY) R (slicing) FTH 3% (concatenation) 34, SEMUITA B ARG, HEAT:
T RBEA R RS . S ER BUEA —26 method,, BB DA E MR SO 728, 38 SUE AR

WERARA T EEERE A i, HA PRI EUR S BOAEA TR EE, WA repr O Bistr () sECIEATATfELE
BET 4

str () BRI R ABY #I0FORE, 1 repr () 1M R EA B TRIUY FRE (I
REVE S0 aEE, R syntaxError) . WERYIHEG NS MNRE RRE, st () g hl e
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repr () MIFMME. AFRFZHME, QRECF, o list [ dictionary ZE45 A, 4 1 3& MR ok 2 A A il 1) 22
I TR, HIERRE], A WA 2R .

—Lu -

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is ' + repr(x) +
>>> 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'))"

, and y is ' + repr(y) + '...'

string B HE—M Template class (GHE), 20T IHEERETHR D Mk, ZOrEm sx
[EM4F5%, [EIRA dictionary PEIEA TR, (E SR I fa il IR D

7.1.1 BRI ILAE (Formatted String Literals)
FERAER T SO (RRE -8, BREFRMANE £ K F, EERAHHE {expression},
AR AFEFHRE A Python 8 X AG(E .

Fe KWL (format specifier) JLSEABIER, BIAEEEEA I, WTUAIFHUEERIEAORS Lo, DA R )
36 pi o AE /NI 5 =0

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

FE " BREGE— R, WTDARE s AL DR T, WO — 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 L AT ] DAFEAS A m e .t B ascii (), "ls' FEH str(), '!r!
GEH repr ()

>>> animals = 'eels'

>>> print (f'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'.

- AT A — ST M RT3 T . — (A 0E. IS SOR (] (evaluate) 2 19%
L
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>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

H2 R = [EIWIRF A A 7 H SCPFEE ST (self-documenting expressions) . #5582 %5 i@ LeAf b 7 e
ORI, 5L formatspec 2515 F .

7.1.2 5K format() method

str.format () method [ A FHYELNR

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

KAFE B AER T T (REROL) SR REELES str. format () method M. KARIR Y
WP FIRZY AR BLES: str. format () method FFTTERI AL .

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

eggs and spam

WRAE str. format () method HH I B S5 |8, W DAREH 51 82 B 2251 & MEE.

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

7 S O B s 7 5 | O DME AL

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

The story of Bill, Manfred, and Georg.

R AR RN RAR AL TR, PR Y7 SO 2 R AN 24 LB RS | S . B XA
PAIZ B 0 70 (dict), [EVHJ5HE5% ' 11" T8 (key) HCEAASE L

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

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

JA** FF5E, 48 table UL VERS TS BORMIE, BA—HRAER.

>>> 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

BE X vars () HAEMR, S R E M. 2ok 0T A Il — (860 3 BT A [ duf 5 Y

dictionary.,

B, RS EIAE — A HES B AR R, 5] R T BT

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

print ('{0:2d} {1:3d} {2:4d}'.format (x, x*xX, X*xX*X))
1 1
2 4 8

(HEBT—TD
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(B E—)
39 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 () EATFHREALH SEBMA, 555 formatstrings.

7.1.3 FEEILFEH
R AT B A58 I R — P ST R

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

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

(iR, S print O A BIMA—WSHE 5 BRI AR ARG [ BRI AR )

TP str.rjust () method B 7 AL MEARH Z5A4%, (75 DAK ﬁiﬂﬁﬁ%@ TREA R . B
method 384 str.1ljust () fll str.center (). 5L method NE AALAEIZ, HElE—EEHFE, W
RIAWFRRKE, EMAGEE S, & AT AT e %%Eﬁ%@%ﬁﬁﬁ%ﬁﬁﬂﬁ (=l
LLT%J%%HS% MG Ey, AR E A S R Em. (DR RENEEE TS, T AmAR
x.1just (n) [:n] BHRMYIHESR.)

%~EHMMd%wxxfulo,ﬂﬁﬁﬁ?%%ﬁ%ﬁﬁ%,ﬂﬁﬁﬂiﬁ%:

>>> '12'.z£fill (5)

'00012"

>>> '-3.14"'.z£fi11(7)
'-003.14"

>>> '3.14159265359'.2£f1i11(5)
'3.14159265359"'

7.1.4 B FBRMERHZE

% EHT (modulo, i) Wn]JHRFEMKAML. £ 'string' % values !, string HETHN % &
#i values [ Z TR UL, HCIEH 9 A5 E] 7 HB 4f{H (string interpolation), {5401

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

W 2 %5 R old-string-formatting /M .
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7.2 BRIEX

open () [0l {H—1 file object, il & F s 5 F B4 T A1 (07 25 | SEORN — {18 B 7 5| U2 open (filename,

mode, encoding=None)

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

M5 | Mo — SRR AR TR W5 H0e s — TR, WS TR S 7 2 A
JC. mode [F) 'r' W, FIRVAMERBAPIERES: B 'w' bk, FORDAMEREBEERSE (EFEENF 4
WEGYIRE); B rar K, PAMPIERTIH O BERES, S0 AR ERE 8 BP0 A S =1
iR, "o+ W DARAERE ZERETREERE A . mode 5| BUZSRIRIER), AR e ERE "o

W, REZEDA text mode BAE], FED, FERSZRH I AT, DA E S5 X encoding AT Sl .
WAKIGE encoding, ANTEFEHEIERZF TG (H open() ). UTF-8 2 BIRFIARE , BRARIRIRE
A E SRS, FREREMH encoding="utf-8", ¥E mode £ L 'b"' &L binary mode (i
Hil) BAEREZRE, RS RIDA bytes YA BER . A I BAEAE R AR i AR &

encoding

TESCF A (text mode) ', EIRURE € BRAE - 5 R AT RAFSE (Unix B[] \n, Windows E[E] \r\n)
EEE \n. 7ESCTRTN AR, FRCEIE \n B REEIRT SR E AT RATIE. SRR B
FERI B EOr B SO R AR A B, HgEEG 2 orec 8 EXe HE D ik kI gk . 7EE
BCRFRE S, R B st

TEVEPIAE Y PER, (] with BHSET R MEGEE. BEE, FEMEMGIR, IR RZ5] 3%
TOISL, R E IR . B with WHESHN try-finally B, RAGMEHZ:

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

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

WARAREG G with BI#T, RIERFI £.close () BIPAAEEE, W RASL EVBERCHEE BT i R AT AU .

e PPNY £owrite () B, EARMH with BSFLITN £.close (), BIEREXSITBE, Wl
BB £Lowrite () W5 HEG 2R AR,

Kﬁﬁ%fﬁﬁ with BUA, s £.close () BM—MEREYMFZEK, Bl RERY T H B

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

7.2.1 {EE¥WHH method

A AR HE O] B — A E £ BRI E R

BUEBEREZ, RN £.read (size), BB SR, EATE (C7at) s ocal
I () Bl . size REBEIEMEAY TS 8. B size A WS el [E BB, AR R0 4
ey E e ;R R R A R MK, SRR, ), &2 a5 R
size BRI FIC (SCFEARER) B size S e A (HEmIE) Siio mE. R mie 485
AR AKM, £.read () GrEEZZHE (1),
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>>> f.read()
'This is the entire file.\n'

>>> f.read()

f.readline () MRRETHFIEM 1T EM77C (\n) GWREETRMER, LAEHERGAZE
TP e, EA G R R Aok . SRy 2l (e % £ readline () [ulff—
Az, R CRERIE TSRS, MZEAfTIFRRERE N\, tt@ R —REfFTITm 7.

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

R R PRI AT, W AR RO T . SRy e RO G Re RS . P, HARAS A
R

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

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

B SRARAE AT — (A K 0 BT A A7t — 18 list [F), WJPAMH 1ist (f) Bf f.readlines ().
f.write (string) {6 string MEIEE ARE, [ERES AT ICH,

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

HAHMBA Y2, 2t eMEDETH CGerdsl) sfocfsyer (Tket)

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

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

18

£.tell O MIE—HEE, EHNEEYIEREZTWEEAE, £ RN RREREEMGES
W ALCALE, SO T SRR B S AR T

i} £.seek (offset, whence) AIPAMUBEAEEWIMFIIOLE . (8 FHEINERIE— S5 BN offser
WA 225 B H 51 whence A4 . H whence {HE) O I, FRG IARZEBIEE, 1 Fm 6% wIm
WEZAIE, 2 FR R EE 228, whence 144N, HFERMEE 0, HIIREBEERDS 25,

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

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

16

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

>>> f.read (1)

b'S5!

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

>>> f.read (1)

b'd!’

N

TEXCFRERE (FERBAFRARIA b ESR) T, HARFMERAEEZ 87548 (H seek (0,
2) SRR OG5, HHRAR £.tell O FEME, 802 0, A AW offser (6. HAMLAT
offset fHAR €4 K e #ei 1 TE.
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File objects have some additional methods, such as isatty () and truncate () which are less frequently used;
consult the Library Reference for a complete guide to file objects.

7.2.2 £/ json EFHWILEH

Strings can easily be written to and read from a file. Numbers take a bit more effort, since the read () method only
returns strings, which will have to be passed to a function like int (), which takes a string like ' 123" and returns
its numeric value 123. When you want to save more complex data types like nested lists and dictionaries, parsing and
serializing by hand becomes complicated.

AFHEE 1 S (5 FF) 38 AN W s 2 1 e B R x5 A BB FE (B3 ) B R R A7 2 AR 28, Python 748 — (3% X &
B2 [EHE L, FEE] JSON (JavaScript Object Notation), AL json A2 Python &R EE, [EHEE M
W7 IRy EREEERE serializing (FFH1ML). 187 B FmREEh B R IEE deserializing (2
r?ﬁ']%%ﬁ)}{;‘ﬁﬂ%*ﬂfiﬁ?ﬁﬂmzFﬁ'i, FNYIEI R T DARE R AR SR B A R, Bl i AT e
2 35 v A A

ffill]: JSON A% =44 Hufff i BUAURE AR i RS2 (E). RF 27 stat i O 3 B HAGERE, e
[E T EARAFE (interoperability) f) 4584

WERA — P <, HHE AT AR R T At e JSON Rk

>>> import json

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

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

dumps () RAAH—H5EHE, FEE dump O, & HEAMGD S E e file. I, 0F £ 2—ME T
B BEEN R text file Byt FeAMmT DAE BEML:

[json.dump (x, f)

£ R— O, AT binary file Biext file YI{t, LEFFUARIEYICFHRE -

[x = Jjson.load(f)

f#[F): JSON ## % L/H A UTE-8 k& 45 . 75 BHE) JSON A % DAVEE)— {6 ] s BB 25 A [f)rext file W, %5
H encoding="utf-8".

B ELI 7 5 A b T RT DA BE R list Al dictionary, {HEHAE JSON /P SILAERLI class (HE) F=pl, W
TSN AR Json B 275 ERHE & Bt pE.

hs%:
pickle - pickle #E4H

HLJSON K [, pickle Jg&—h fuiF $HE R A EHE Python Y FaEAT)/F ALt & . ik, E[E Python fiTfy
A, ARER B HARRE = S 5 o M Pl AUl . TG, B AZany: WiREEbE TR
H’JI&EQ%**'U Rl AFEBOR E A2 fE AL AR pickle BORFFIAL, ATABIATAT R AR A -

72. BRIEE 61
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gHERFABISN

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

8.1 FF/E# R (Syntax Error)

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

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

AAAAA

SyntaxError: invalid syntax

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

8.2 fi5h (Exception)

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

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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

NameError: name 'spam' is not defined

>>> '2' + 2

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

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

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

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

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

8.3 mIEHI5h

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

>>> while True:

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

© B, ATy T4 (try fl except BT Z BRIBIAR) .

o WERIEHEEAGISN, R excepr T & G, try BRASBATER.

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

« If an exception occurs which does not match the exception named in the except clause, it is passed on to outer
t ry statements; if no handler is found, it is an unhandled exception and execution stops with an error message.

try BRI PAE AR except F &, EIRFEEGISMGEIEBE, Wik WA — MBS g7,
JEFRE N RN oy TAIREAE RGN, MG IERER — try BOAXEH A EREER G . —M
except ¥ &) M A — A5 BEEI tuple 51 22 G141, Hitn:

. except (RuntimeError, TypeError, NameError):
pass

—{H7E except FAYHI) class (FHE]) FI—MEFISME FTHIZA ), HE B EFI SN [R—1# class o2 FIH
base class (E:JEHEEE]) ; 2z H4Eg: T H) 4 derived class (fi72E3HE]) 1Y except T 4 [EIfEHL base
class %5, N, PARRERASEMFEHE B, C. D:

class B (Exception):
pass

class C(B):
pass

(BT —E)
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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

AERE, AR except T ] MNP S (48 except BRI —M), HI@EHIL B, B. B—4—fifF
AT except F o] Tl E% .

WIS, B REA BB O, WAt OIANY T R 5B S e BT, R ERER B4
A AL

The except clause may specify a variable after the exception name. The variable is bound to the exception instance

which typically has an args attribute that stores the arguments. For convenience, builtin exception types define
__str__ () to print all the arguments without explicitly accessing . args.

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

veggsv)

print (type (inst))
print (inst.args)
print (inst)

# the exception type
# arguments stored in

.args

# __str__ allows args to be printed directly,

# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print('x =', x)

print ('y ="', y)

<class 'Exception'>

("spam', 'eggs')
("spam', 'eggs')
X = Spam
y = eggs

The exception’s __str__ () output is printed as the last part ('detail’) of the message for unhandled exceptions.

BaseException J&HA&ERRIEIAM T 2L F 17 base class. T subclass (FHEE]) 22—, Exception, HjE
A AE B 15 #b (non-fatal exception) ] base class., A 254NN T2 Exception 1 subclass, T "8 & A €
Wk, WEeME AR REREZ & . SEB/MIIE T H sys.exit () A58 systemExit,
DAL il B AR B AR = URE 5 [ 43 1Y KeyboardInterrupt,

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

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

import sys

try:
T =
s =

open ('myfile.txt"')
f.readline ()
int (s.strip())
except OSError as err:
print ("OS error:",
except ValueError:

i =

err)

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

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

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

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

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

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

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

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

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

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

Handling run-time error: division by zero

8.4 5| HIsp

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

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

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

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

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

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

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

An exception flew by!

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

8.5 ffjyrsEEE (Exception Chaining)

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

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

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

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

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

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

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

LB, ERE T ARA . Bl

>>> def func():

raise ConnectionError
>>> try:

func ()

except ConnectionError as exc:
raise RuntimeError ('Failed to open database') from exc

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

ConnectionError

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

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

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

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

Traceback (most recent call last):

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

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

8.6 EFRA&EBERBISH

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

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

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

8.7 ERFEEE

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

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

Goodbye, world!

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

KeyboardInterrupt

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

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

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

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

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

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

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

return False

>>> bool_return ()
False

73— HEs(E Ak Fr 4 151 -
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>>> def divide(x, y):
try:
result = x / y
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by =zero!

executing finally clause

>>> divide("2", "1")

executing finally clause

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

TypeError: unsupported operand type(s) for /:

'str' and

'str'

J

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

TAJER, FBEAE finally TAIBATRCERG5%.

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

R

8.8 MERMFEDE

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

HH, EEMHAE R, EEbERES .

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

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

W, REfREE MRS KR, IR B

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

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

BB G S R E— R

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

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

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

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

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

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

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

J

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

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

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

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

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

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

| RecursionError: 4
+ ____________________________________
>>>

J

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

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

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

8.10 FAEJRR{EHISNE R HE

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

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

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

TypeError: bad type

Add some information

Add some more information

>>>

J

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

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

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

€ & A}
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>>>

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

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

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

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

OSError: operation failed

Happened in Iteration 1

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

OSError: operation failed

Happened in Iteration 2

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

OSError: operation failed

Happened in Iteration 3

excs)

(most recent call last):

(3 sub-exceptions)

(el b —50

72

Chapter 8. $#ERF0%I5p




CHAPTER 9

Class (#g[F])

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

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

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

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

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

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

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

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

9.1 FARaREEYHFI—EEE

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

TEAVAR class 2, FRABZSES FA—LE R Python /F HIski B . Class definition (FHEIESE) PAfy# =S
MR 7 — LIR30, TR 2 7 AR IR iy 47 25 B ) A A R S AR B IEAE B PR 00 . A
—Pe, BEIE (A 3R A T AT R ) Python Rz nt Al 2 ARA I HY -

AR — L FF UG -

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

NEGHS —$ , B B 1 (attribute) SEARF, HEREH)5E (dot) A& MW ALAT 44 F—— il , ES (Y 2. real,
real W z 19— R . ek KE, B AR5 2 IE e B2 I 5 5 nodname . funcname
41, modname 2P funcname REME M. FEEMEET, BN AL b @ 10 25
ARBRETS A B ML TR R Y dir 4 2s [H]

Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname .the_answer = 42. Writable attributes may also be deleted with the del
statement. For example, del modname.the_answer will remove the attribute the_answer from the object
named by modname.

fin 44 25 MITEAR IR 20 ey, [V HA R # . & Python HRaREIEIE, A EEA MBI v 44 25 T
ey, [EHREANGRER . SRALE ARy, B el & 2 W erpidsrn, —REE T,
AILI) i 4% 23 ]t S R A B ELRR AR A R o D EL R 43 1 TR i 1] (top-level invocation) $IATIIBRIA, A
HEEAE IR o EEBEUT Y, G E—ERE _nain_ BN, BHEEMASH
Ciaima . (EEds e bure s, Bl builtins,)

bR X IR iy 44 2 TR FERT Y R IR S i, T R R m], 805 138 T R AE R = R B B SMEE , i
A e ERR. (L, SRR EBE eI EN TG FE.) 5K, GEEEH (recursive
invocation) #3A H O W3 Ay 44 25
1B R 3552 Python £ 2 (1) — i SCA [ (textual region), P IEI, 4 25 2T HEAA LY. B
[P EBAARY ] B, #—MARYIERE 2 B (unqualified reference) 1] DATE fiy 4 25 [H] ) B il 5 4K 7%
EEE o R e, (Ae M8 b i . e T iHER L r R B, #eh 3 54 M
SURMIIE I, w4 25 f 2 T AR B A U -

o EEERE, GRciEs, MTas TR

« FE{FT51 B 2% (enclosing function) 1 IS, 66 S 0N R B3, & (065 7

(non-local) F14E-4=15; (non-global) (144 Fif

o (SR TR, A E AT A B

o BOMEMER (REET), 20 EEEA R G425 H
TSR — i 24 B A A, FU) A 1 23 MR Mt (1 0, 5 A 4 4 e i 1 4B 4038 ML R 3
FLHE T A i EVE A IR DASN R B 52 B, ATRAMTH nonlocal BRIARZ; NS08 s $(FIA 1 & 15 )
nonlocal, HI'EM & EMERR (Bale A Hknd s sU e B 10 /E I IRE sy — {1 #r o i s by, W)
YIRS B MRN8 )
WE, BEEREES IR (CURN) Eaiman BIRA . oM, B Ve A e 4t e I 2 i
IR 225 BG4 23R, SR, Class definition &7 [ Ik AE F I o B 57— (M 6 4 23 11
BB TR, AE RGeSO EE i 7R b e s X, AR S 2 R AL 42 25 1],
s R 2R AT s MR Pl . 55—, 34 BRI B PR SR AEA TRE I (run time) ) 8 52 U

VHE—EBIAL . B — A R v, M dict_, B EME R F AL 4 45 BT dictionary; _ dict_ JE
B2 Bl — (B N R I R BIAR, B I S i 4 2 RV EC VR R Ak, T TRERZ (3 KR A A AR R 8 2% (post-mortem
debugger) Z JHAYHPY .
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B2, SEEERME R, 8 m7E [ 42 ] B (compile time) [#%)([FI#E 4 FEfEAT (static name resolution)
JIF AR A AR B R 4% R ARATT (dynamic name resolution)! (FEf I, JeiBatc &2 ERE i EIE . )

—{ifl Python F4F 5k & — R UNEIG global B nonlocal BUAIHRUIRE —— & M AU IR (assign-
ment) AR & 45 R EEE L. BRESGEESR— MR gis g 2. Bt pd
K del x GE IR R GZ S EAER < (L. BE L, 51 AP G EEEs A e
Ak fHEE import BUASCAIRZESE, 45 sk 1 A Sk B ok ol 2042 4

global BOAR AT DA SRR 8 S MG AE Al ek, MERZ BB A% FRE); nonlocal BRiAs(
TN E S WU TR SN AR T RE, RERZ i S BIIRIE

9.2.1 {EAEf&HB=FAIEH

B, B2 RO RV R e a4 251, PAS global fll nonlocal WMif5 25 B 45
B

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)

FEHIREA AR E

After local assignment: test spam

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

FETERL, BRI (FHBUNE) @i scope_test ¥f spam {345 . nonlocal JEMEE T scope_test ¥}
spam FHLE 1T global SU{EMCE 1AL U AYH S .

PREFTABEBE, 7E global JAZ AT, [EVA ¥ spam [ .
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9.3 ¥R class

Class [EI]—LEHiRRE, MR IERE, PAK—SEHYs

P13
o9
rﬂlfk

9.3.1 Class definition ($FF3%)

B
Bt

Class definition f & B AIER AT

class ClassName:
<statement-1>

<statement-N>

Class definition, MW KER (def BA) , WHAEEMAEMBCREIEHIT. (-] ATERIE class
definition Jit7E—{ 1 £ BRI, SifEmRIE.)

EBERE, class definition [F)f) Bk il 7 G 2 ok aCE 38, (HHAM PR R Frm, AREEH—F&
4% € e 258 (E) . Class ) ok 202 Fol 76 A — A1 51 3 £, BUE)R method (1) IFIY 18 i)
PR, SRR R

e class definition, —1{li )y 4 25 s ey, [ HARE I /e s B, Brd sl s s
Eﬁﬁﬁ%i&/\iﬁfﬁl%ﬁﬂ@‘ﬁ% S HFER, R ey a A el 0 44 A .

When a class definition is left normally (via the end), a class object is created. This is basically a wrapper around the
contents of the namespace created by the class definition; we’ll learn more about class objects in the next section. The
original local scope (the one in effect just before the class definition was entered) is reinstated, and the class object is
bound here to the class name given in the class definition header (C1lassName in the example).

9.3.2 Class ¥4

Class Y F 18 Wit E S : & 22 18 (attribute reference) F1'E 54k, (instantiation),

B bk % B (i ] Python H i fy J@§ 1 2 R ISERE YA . obJ . name, GANIEYEA RE2 class P9 T RE,
class [ ip 24 2SI T A 124 F. FTPA, A2 class definition 7 i ARG 48 Bk -

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

def f(self):
return 'hello world'

thenMyClass.iandMyClass. f are valid attribute references, returning an integer and a function object, respec-
tively. Class attributes can also be assigned to, so you can change the value of MyClass . i by assignment. __doc___
is also a valid attribute, returning the docstring belonging to the class: "A simple example class".

Class K1 ] 7 kX5t ¥% (function notation). L% class Y12 —(HEA 28R, © BE— {3
i class BB, BN (a2 FiRK) class) :

[x = MyClass ()

AL class {9— (AT 01, [EHFILHDPFIEIRAR RIS .

The instantiation operation (”calling” a class object) creates an empty object. Many classes like to create objects with
instances customized to a specific initial state. Therefore a class may define a special method named __init__ (),
like this:
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self.data = []

def _ init__ (self): }

When a class defines an __init__ () method, class instantiation automatically invokes __init__ () for the
newly created class instance. So in this example, a new, initialized instance can be obtained by:

[x = MyClass () }

Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to
the class instantiation operator are passed onto __init__ (). For example,

>>> class Complex:

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

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

9.3.3 EfIMH

BUAE, AT AU] PR B G E? BB RE B AR M E R R 2 R . R R A
&kl (data attribute) FI method.,

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

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

print (x.counter)
del x.counter

B 5 — T JB 1t 2 IR 2 method . Method J2&—1f [J&i* ] #iFeka. (£F Python H1, 15E method [EIAN
& class BB AT A . HoAtd ¢FREH 7T DA method. BiIA0, list ) 245 FH(E) append. insert. remove.
sort % method. {H)&, 7ETFMHMIF R, I HATHE method AREFIHE IR class BB method, [
IS5 45 I HEERA . )

B4 094 %L method 44 FRIUETA H: class. MRABEFE, —M# class FRETH KRR, ek TH
11 3 B method. FIr ATEFRMIHBIF 1, x. £ 2 —AA%H method 21, MyClass. f j&—ffil pf
H, Hx.i K2, MyClass.i fig. {H x.f Bl MyClass.f 2 A—EEH B AE—A{H method ¥
B, A2 R

9.3.4 Method Y%

HFH;, —fH method & & RLHAL 2 KEHI BT -

[x.f() }

In the MyClass example, this will return the string 'hello world'. However, it is not necessary to call a
method right away: x . f is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (x£f())
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HEEFE I hello world HE| K,

What exactly happens when a method is called? You may have noticed that x . £ () was called without an argument
above, even though the function definition for £ () specified an argument. What happened to the argument? Surely
Python raises an exception when a function that requires an argument is called without any --- even if the argument
isn’t actually used...

FE L, fRAThE 2“‘5ﬁ§UT # 5%+ method E’J%ﬁkaﬁﬁTﬁ(& P B VEE R 2 i 5 — 1185 | ekl AR
TERMEBITH, = £ BEREFMERR MyClass. £ (x) o —BRE], FFI—EA n {f75] %) method,
%Iﬁlﬁé‘ﬂ?ﬂqé@%ﬁﬁ?f7 H5 851 (argument list) %ﬁkiﬁ%’“ WAL — 5 | B A % method 1
B

In general, methods work as follows. When a non-data attribute of an instance is referenced, the instance’s class is
searched. If the name denotes a valid class attribute that is a function object, references to both the instance object
and the function object are packed into a method object. When the method object is called with an argument list, a
new argument list is constructed from the instance object and the argument list, and the function object is called with
this new argument list.

9.3.5 Class R E & &)
— R RIE), B 5 O AR — R B A B R EORE, T class U A % class 1) i A7 B 051 Sk S A JE 1R

method :

class Dog:

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

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

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

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

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

NEIAE B 75 & sty v oy — P2 Wt , SR R Momutable 144, 4 list F1 dictionary, W[ €r(E]
HERANKE 2, BREIRE], FHREEAY ricks list A RERZAVEE]—MH class S84l , PELE M list 44 €
%ﬁm DOg E‘WJF)?/\%

class Dog:
tricks = [] # mistaken use of a class variable

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

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

>>> d = Dog('Fido"')

>>> e = Dog('Buddy')

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

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

>>> d.tricks # unexpectedly shared by all dogs

['roll over', 'play dead']
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IERERY class 57T ERZ 6 B ) st

class Dog:

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

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

>>> d = Dog('Fido"')

>>> e = Dog('Buddy"')

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

['roll over']

>>> e.tricks

['play dead']

9.4 FEEMMHL

TP R P 4% AR T g B AE— (8 2 A — (] class v, R PERg 4R g ABCIENE S -

>>> class Warehouse:

purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

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

ORHE P ] REBE method BUR B —BEENE (TFEDR]) Frai. Wall, class AnfJIRELE
AU g CORHALE], SR b, 7 Python FEVA LA I RERY ik, wIEII L i
. (5—J5T0, DA C S%5iY Python $1ERT RASE 4x B U HE VAR 5 () HLAE AL SRS P (IO AP IG5 T DA
BPA C #iF511 Python 7S (I - )

gﬁﬁ%ﬁ%%ﬁd\)b@ﬂ% RV 1t E3 ] AE 6 PN BV R A P YR 1, T Tk method 4
AEEvE. R, FEm T ARl 5 EE’J%}H% PEEI LI, (HA 2 method FAALIE, /\%ﬂiﬁ%
2 R R AT ﬁ“{)\hﬁg; fir 24 T T DAYE TS [ 45 AR 22 PRI

{F method 1 2 &R EME (B H Al method! ) REH M EN . B EHE FWINT method Ay ] [Eli#
P FEE)E method I, [FIAS @ TR VA [ ok s S0RT BT 1) 5 8

WH, JrIEI S 5 MARE) self. S U2 AP self jE{H 4 5% Python K (F5E 4FIEHHE)
REFe. HEER, WRAEMEEG, RaOFER SR A% Hfb Python £ st s AiscE ] s s A%, LA,
0] PAAEAG — 1 7 BE R AT A 151 1T 4 25 1) class [E) 22 (browser) R, .

AT —{RAFE] class i 1 1) pR 20 (- ERE)R class (A BE il 3% 7 — B AH MR method . bR X E R — 2 AT
F1E class definition [ SCASH s IR E 47 class H Y IS8 B2 W DAY . il -

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

class C:

(HEBT—TD
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(B E—)
£ =f1

def g(self):
return 'hello world'

h =g

Now f, g and h are all attributes of class C that refer to function objects, and consequently they are all methods of
instances of C --- h being exactly equivalent to g. Note that this practice usually only serves to confuse the reader of
a program.

Method F] DAFEH {# JH self 5|#f% method &, WY H A 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 E— % o =CAH [ 7 20 2 I T840 . B method A B0 4T84 ek, 200 & HEE 3610
P4 . (class 7K AN €l FME A IRAE HIR . ) BESR AR A7 7 method Hr i F A ds g kBH 780 il , (H4
WA A A 72 AR - B [E, # import F 430 4 ek U ABRA, BT PARE method DA JZAER%
A F 3k i 2 pR =T class BT . 8%, 27 method ) class, ‘B 7R Bl j& 5 A 8 (M 43 AE 3,
TE i, FM A 2] method FHE 208 H O class fy— 2L 47 R A

BHEEERE— P, RICES A —M class, ] ARREIE N nype (RE)). BPA object.__class__
AT

9.5 #% (Inheritance)
WK, WREGE SRR, [class | & 5 S FF AN HAYAEE class, —1 derived class (74 HiE)) &
I REVA R AN T :

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

The name BaseClassName must be defined in a scope containing the derived class definition. In place of a base
class name, other arbitrary expressions are also allowed. This can be useful, for example, when the base class is
defined in another module:

[class DerivedClassName (modname.BaseClassName) : }

AT derived class /& FH e, HLEAT base class #[F]. 5 class Y1 PHMEIRF, base class G#tfl. E2
FRROTE P2 00 QR0 SR 0 B M MVATERZ class 483, W €48 47E base class H1#55 . R4
base class 7 £t /2 fiT A F H A class, 152 (85 R & I [E1 g e

B derived class 192 4L FE A 452 Jii: DerivedClassName () 7% #% class i) 5 £ .
Method (1) BEBHTAI T : SN class 1L PR, WIURFE, Wi base class WAREETE, 1
SEEVE T AW, 7% method 12 IR AR
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Derived class ] DA 75 % H: base class [/} method., method ZENMY [i7] —{ #1217 HoAth method FRE[EIA 4:E)
FIFFHE, BT PAE base class [—1{1H method ZENFHYAH[H] base class H1E &1 7 — il method I§, i #n] A&
WEHL 5] —{ 78 25 11 derived class H711%) method. (%5 C++ 2 5%HFli: Python Hfirf5 method B (2

virtual,)

—{H7E derived class 78 %7 ) method W] BEF-E I 2 AL 7 1M JE B AT AL base class HAH ] 44 Fif Y method
FLE 3EIENY base class 1) method ?ﬁ {H B R5 e HEENEN BaseClassName .methodname (self,
arguments) . & A ¥ ZXEmERE M. (nﬁ& B, WA FE base class £ 4 3 /E F 38k T DA
BaseClassName WIS, B HEAF.)
Python 75 1 {if [E 72 o =X AT DA A A 7K -
o fiiff] isinstance () F|E—@EFIFHAIE): isinstance (obj, int) HAFE obj._ class__
& int BUATHA int B, FPRA G True,

o ffif] issubclass () H| class #47K: issubclass (bool, int) @& True, H[EFbool & int
I subclass ( T#H[E]). {Hig&, issubclass (float, int) ,—E:False .. float EIAEZ int 19
subclass .

9.5.1 ZEH X
Python 1,37 48 £ B4R IEE . —1{4 21l base class [ class definition HHE G BT

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

<statement-N>

For most purposes, in the simplest cases, you can think of the search for attributes inherited from a parent class as
depth-first, left-to-right, not searching twice in the same class where there is an overlap in the hierarchy. Thus, if an
attribute is not found in DerivedClassName, it is searched for in Base1, then (recursively) in the base classes
of Basel, and if it was not found there, it was searched for in Base?2, and so on.

FEL, EMMERE—L; method FIMNTIE)Y 2B REHLEE AL, DASCIR¥ super ) WA TEREI . S5y
AAEHALN 2 EAKRE S T, FRERFI T (@757 (call-next-method), FLHL7ERE— ﬁl%??(unm*% super call
(AT ) AAFEEIR.

BReHE 2By, HIEZ B RN T W EE RS 2 W E R E (HH 20— parent class 7]
PAE 550G class 37538 22 BRASAFIR0) o B, T 1Y class #4EK H object, IR 2 KM 1K
EERARE T 2 f 3£ object MR, [E) T4 base class 4 Z2 IAFHL, @%iﬁ%ﬁ%iﬁ%ﬁﬁ%}%%
JEFFEEAL (linearize): 5 B &F(M class HBLE A HE 22 B4 HINE T . 35458 parent 1 ”?W~U\ {1 B
#1 (monotonic) X (EHIE, —1H class 7] PA#E subclassed (FEEIfL) , ﬁﬁfﬁ*% 2% H: parent 1448 =5
BIRET) . 2, Eerrhistat B ST g 7e . B Z HAKAY class lUEIfE. EL2 &, FR

https://www.python.org/download/releases/2.3/mro/ ,

9.6 FAREH

[ LA (private) FLHISEM, FRAZA T%{#ljﬁﬁﬁf%ﬁﬁléﬁﬂﬁi, IEAE Python FFRRAAFAER). {HZ,
KZ# Python (¥ FE: NGRSy — WG] WiskE—IREN AR (1 _spam) BEGHIE APL (fEHR
AAIE) #AEAFA (non-public) #5 (MEFRTE R M. AR EEIREA) . EHtlE— e,
A, TRASATIER.

BESR class FAA BB C A —RA R0 ] (BP9 24 FEE subclass 2 F8I1%) 44 Al 28 ), 8 T hil i 5
—(AAG FREISZ 3%, FEE] name mangling (% FiA&H) . ATk XE __spam (ZDWiEETE FEE, H&E—
RN FIKED) rP4E4 55 (identifier) GH A EEE _classname__spam, Ut classname jf
SR PEIE N EEREED class Z85. HIELSE B M2 TE class EFRZ B4, EMt @RS Bzt
VA R AN R =1 AN Ty
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&, T i ) 7 3 subclass 7 & method i AN 3 class [EIEBAY method MPnY, 2 # BhAY. 224 5K(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)

TE Efd, BiEFE MappingSubclass A __update #k[4F, tEENEFLEME, HEKE Mapping
class W1, B &g #(F[F _Mapping__update, [ #F MappingSubclass class W, T €k & F(F
_MappingSubclass__update,

AL, BRI R R GRS AN B T BRI B AR B AL A . EERR RIS T
EEARMRAN, BINTERREHE: (debugger).

FAMBHERE, B exec () B eval () FIRRSES A E 0 class i 4 FE0EIE HIAY class; 55 fil global
BRI 2R AL, A2 SR (R A8 R B (57 TCAH 4 i 4% (byte-compiled) FREZCAG . [R] Bk ) B il 16 )
it getattr (), setattr() fldelattr(), PAMEMSM _ dict_ W,

9.7 #7188

R — R, LA Pascal 1Y) [record] B{ C 4 [struct], W] DANS—2845 44 R A ERIE H 1040 7E
—i, AREEERA . fFEeEs SEMEeEEMH dataclasses:

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str
salary: int

>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

A piece of Python code that expects a particular abstract data type can often be passed a class that emulates the
methods of that data type instead. For instance, if you have a function that formats some data from a file object, you
can define a class with methods read () and readline () that get the data from a string buffer instead, and pass
it as an argument.

Instance method objects have attributes, too: m.__self__ is the instance object with the method m (), and m.
___func___is the function object corresponding to the method.
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9.8 [Fl#2% (Iterator)

FIHAIELL, JRATREC AR R 5K 2 M) 28 4% (container) YR AT AR £or BuAA AT EIE -

for element in [1, 2, 3]:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1, 'two':2}:
print (key)

for char in "123":
print (char)

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

AR PURAR N . R A (. EMRES A6 7E Python W B ml R LAY — 8. #E#Ef%, for PRIA
EAERM Y EEN] iter () o R EE—AEMCEE, WYHEFET __next_ () method, it
method €% —fFIA S P TTE . WILEM#ER, _ next_ () ¥§5]¥# stopTteration Bl4h, i@
Al for #IREIRE .. AR0T AR HEE X next () ZRIENY __next_ () method; EfH B 1R T ERYE
PEJ =

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

00

>>> next (it)

'bl

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):

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

next (it)

StopIteration

Having seen the mechanics behind the iterator protocol, it is easy to add iterator behavior to your classes. Define an
__iter__ () method which returns an object witha ___next__ () method. If the class defines __next__ (),
then __iter__ () can justreturn self:

class Reverse:
"""ITterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len (data)

def _ iter_ (self):
return self

def _ next_ (self):
if self.index ==
raise Stoplteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse ('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

€ & A}
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(R L —5)

w T e 3 .

9.9 [F|42& (Generator)

[Fl A4 22— A i g RS S i ER M TR . M s B B ek —rk, (5T 2w
FHEE, G yield BoAR. MRAEEAERR EIFI next O W, E@4E LRBERRIO M BIREHIT (E®
FOIF T BORME LA K E— A T iR ) . AR RGBS, B B 25 W] 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 Hh o

Anything that can be done with generators can also be done with class-based iterators as described in the previous
section. What makes generators so compact is that the __iter__ () and __next__ () methods are created
automatically.

AR B S A R AE R, IS ORI AT IR R A ORI 2 [ B AT A % e X B 1 T
self.index Ml self.data =Ml BBl U 7 X E 25 5 fn 5y HLSE )R

W T H B AL method A AFAEAUIRAE, WEVE R4 bRy, B2 & H %58 StopIteration. jEk
RS A —il, AT ECAR R R R R A S

9.10 F42S:EEK

S B [E) A g ] DAET B A e T iR AR A, BT A REYASE L list comprehension (ER 31 4R A
TER) , HANEEE SR AR 5% 8 Ul s Et A A 255K 57 B4 41 8 265X (enclosing function)
B A A [E). (B4R 25 3 o o2 R (E1ZE 2% S M b, AR S AGmORs il (R ol fE i 20, EL S5 300AY list
comprehension B [FIfi 4wl a4

Biltn:

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'

€ & A}
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(L —5)
>>> list(data[i] for i in range(len(data)-1, -1, -1))
[lfl, ll', lol, lg']

[El#
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cHAPTER 10

Python #E4E & BT E

101 fERZHHE

os BALFRHL 7 B SRS R B Ay R 2

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python311'

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

B import os MMidFE from os import *. igiffEa R RS A E/EZER os . open ()
BEFE M open (),

FEME os AR BUSTHREETCE R0 dir O Flhelp () RIEHA M-

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

E H A H DB, shutil SR TS5 (M i wi S i -

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')
'archive.db'

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 {EX 2B B>t (File Wildcards)

glob BLAHFRAL TR PAGE B I8 H e 8 S EIE AR 25 35

>>> import glob
>>> glob.glob('*.py"')
['"primes.py', 'random.py', 'quote.py']

10.3 &< IS8

M TREAE H R a55 8. 325 #gphlist (8351) JBRAFHAE sys B argy BIE . fi
WHEAN 4 3|#4T python demo.py one two three £ LA NHIH &4

>>> import sys
>>> print (sys.argv)
['demo.py', 'one', 'two', 'three']

argparse B 7R EETE BB RO B Ay 2515 1 . AR EAR AT (VI — (R 2 2 AR S 44 7
[E-=203 VNIV ‘€

import argparse

parser = argparse.ArgumentParser (

prog='top',

description='Show top lines from each file')
parser.add_argument ('filenames', nargs='+")
parser.add_argument ('-1', '--lines', type=int, default=10)
args = parser.parse_args ()
print (args)

J

Hpython top.py ——lines=5 alpha.txt beta.txt fFEAOFIHITE, ZEIA G args. lines
#(E 5, ¥ args.filenames #([F] ['alpha.txt', 'beta.txt'],

104 ERBHEHNTREENRLE

sys WA stdin, stdout, F stderr g 1. B stdour B HEL MK, 185 stderr W]y 245 F R
FHE

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

# R EA RN R R sys . exit ().

10.5 R LH

re BUAFRALTERIFIR A (regular expression) MU 1Y) 5= cf R . 3 B2 IR B0 EVE (Y HL 3B DA S B AR IR, TERY
ForaUR R H AR R fRE )y %

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1', 'cat in the the hat')

'cat in the hat'
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W AT R TR AR, IR A By (RS, T H AR B method J2 LB -

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 E1Z34HRS

math BAHRAE T C b R i i S vy e o

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

random FEAER AL T REREIRY T H

>>> import random

>>> random.choice(['apple', 'pear', 'banana'])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

statistics BALIRML TRFUE M RIEH I B A et i (367, oo, SEEEEE) b

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy BLZ <https://scipy.org> A 722 BE 5B AH B A4 .

10.7 #HEETFH

Python A7 i 2 7 HRAE I DA L i BRAR B 1 7 o s T BELAK A 1) 7 (4% urllib. request B4 DATEAY
HEIUIBCEAIA S, smtplib W] AR E

>>> from urllib.request import urlopen
>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt') as response:
for line in response:

line = line.decode () # Convert bytes to a str
if line.startswith('datetime') :
print (line.rstrip()) # Remove trailing newline

datetime: 2022-01-01T01:36:47.689215+00:00

>>> import smtplib
>>> server = smtplib.SMTP ('localhost')
>>> server.sendmail ('soothsayer@example.org', 'jcaesar@example.org',

(BT —H)

10.6. E4s24H 89



https://scipy.org

Python Tutorial, #[F 3.11.8

(B E—H)
"""To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.

nn n)

>>> server.quit ()

(SR RG] 7 rh 77 e A M AT — (R 7l )

10.8 H HA B B

datetime FRALFMLFF L class W] DASRAE H I DA S IRE RS, R iy B AR (A 0 o A S0 9% H U0 BELIRE: ] g
B EAER B R A ORI B BV A TE B A% 2 DA B A o B th AR Sl 3 el [ (E 164 A (D

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("Sm-%d-%y. %d %Sb %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 F#EHE

VR R R A DAL R A% MR B SR, 4 21ib. gzip. bz2. lzma, zipfile ALK

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
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10.10 4 EEE A

H—
H

>~o

L Python {ff J1J AR AL 17 Ak 7] 1 ) R A AN 7] B 4 ¥R R RE 22, Python 42488 T RFAl AL RE2E[ERY T

HORE, ARG HE M tple AFT AU B A B AR E S 3. timeit BT DR R
ANELHERAIE A -

>>> from timeit import Timer

>>> Timer ('t=a;

a=b; b=t', 'a=1; b=2"').timeit ()

0.57535828626024577

>>> Timer('a,b =

b,a', 'a=1l; b=2"').timeit ()

0.54962537085770791

FHEA timeit BIAHIALEEIMARE, profile ML pstats HIAH AR ML T LedE KA R X
TG 3% (E) Ve 1 8l P 8 St 1) 13 (time criitical section) [ T.EL .

10.11 REEE

FER e RO A — Rk, R B BN B IR R AU Bt DAHE B R A rh R B i B i L5

doctest BIAHRML T —fH TH., it EWR AL T ER Y SO BRIt . B8 BN [m] i B
B mIE I K h AR 0T FER B S . wmd iRt s, el TEM S, B
doctest FLAH ffERR FECAE 1 4 R SR E s 2

def average (values):
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))

40.0

mn

return sum(values) / len(values)

import doctest

doctest.testmod () # automatically validate the embedded tests

J

unittest BHANE doctest BALEMA S, (H2 IR LATES Sh— M Z 15 R7 5 e B st 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, 7]1), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :

average ([])

with self.assertRaises (TypeError) :

average (20, 30, 70)

unittest.main ()

# Calling from the command line invokes all tests

N

10.10. %%
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1012 {R4EHEE

“Batteries included” J& Python By a4 EL. B MBS DAE@ M E KRB EM:, BB E R
RE, SRAFRNENGE. Bilan:

[l xmlrpc. client il xmlrpe. server HIALMIE Ml MR R I S HEA 5 . B (kAL &4
FEEVA XML, i 5 (E A 7 B B XL AR o804 L i

o KUH email B A MIME FlHAth RFC 2822 #H B & T CFUE R SCF . AHER smtplib

M poplib JE L B AL S YGIUR ORAL , email PR HEA S SE R0 T AR, Wl A o7 B
fRASEATUR AR (R A ARER) AR E A i SR B I

* json E{}¥ JSON BRI ZEREAmFINT, SULEIR SR, cov BAHIERALE HHE CSV (PAE

SRR AR A% X, TN EORLBAI AR 38 ) xml.etree.ElementTree, xml.dom
Bl xml. sax BFAISR XML g R, £ABITA, B LRI E RS L T Python JE i A 2L
ftn T B2 Bl g2 [El.

sqllite3 Kifl/2 SQLite ZORE pR U — g e, Fefit— MR B Fr AR EORHE, AT DABE Gk
JEERMERY SQL FEIAZCEN BT3B A7 I

O B B4, 5 gettext, locale fll codecs &,

92
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cHAPTER 11

Python #ZAE R = ER EE—— 5 — 7k

5 R R S 2 SR AR R T R A A . R SR AR A B/ NE A

11.1 HH4ER {1t (Output Formatting)

reprlib BAHRML 7 repr O WIMA, HFTHRARRE R A BRI Bl 1) SR A -

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
"{lal, 'C', 'dl, 'ell 'f', 'g', ...}"

pprint WA REEEEAGE & B & i e g E ER s B, [ H 2 DA S T . 4
FEGE—ATIRE, [ESer IR S A TR, DAV R TR BB g -

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue']l]]

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['green', 'red']l],
[['magenta', 'yellow'],
'blue']]]

textwrap BAHRBEMEA M SCARMBE , PARFOFE 8 I AR T -

>>> import textwrap

>>> doc = """The wrap() method is just like fill () except that it returns
. a list of strings instead of one big string with newlines to separate
. the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))
The wrap () method is just like £ill ()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.
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locale FEAH REAFI—M8 S A7 e SCHUHH B EORH& SR R, locale FEAH Y format e — 1 grouping
JEE, ATEAE AR BT (group separator) A% 3L :

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_United States.1252")
'English_United States.1252'

>>> conv = locale.localeconv () # get a mapping of conventions
>>> x = 1234567.8

>>> locale.format ("2d", x, grouping=True)

'1,234,567"

>>> locale.format_string("%s%.*f", (conv['currency_symbol'],

conv|'frac_digits'], x), grouping=True)

'$1,234,567.80"

11.2 #&E#R{t (Templating)

string HAE S HZIAEN Template class, SR HIILRRRIE & 6B EAT MR T . B2
HEEFERA IR, (B 5 R 8
7 R B EIAF 5844 % (placeholder name), ‘B2l $ MI_EAr¥ARY) Python (EIFF (F-RE. #erAi

TIRE]) W, fH OSSR EENAFSE AR REAE AR b S 2 0 7 R T T e A S . B 59
e EE 5T $:

>>> from string import Template

>>> t = Template('S$S{village}folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

B R AE dictionary B BH 8 7 5| #oh K S AL 3 H B A 47 980 E, AR[E substitute () method 5| %
KeyError. ¥ AE¢E4[E (mail-merge) FEZ A ME AR, 60 F RO S RA WTRER A 52 1, 1t
(i ff] safe_substitute () method & ¥ @ E — WRERA B>, ©aRRRERNAFIEAS:

>>> t = Template ('Return the $item to Sowner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to S$owner.'

Template 1 subclass (FHHE]) 7 PAFEE A 5T FAT9E (delimiter). B, — AR A [EVER 2% 09 v B
MATIAE, ATDASESR I 0 S EEEAE B . W s s Ak S B4 5% -

>>> import time, os.path
>>> photofiles = ['img_1074.Jpg', 'img_1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = '%'
>>> fmt = input ('Enter rename style (2%d-date %n-seqnum $f-format) : ")
Enter rename style (%d-date %n-seqnum $f-format): Ashley_%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' 2d%b%sy")
>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print ('{0} ——> | }' . format (filename, newname))

(BT —5)
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(B —1)
img_1074.jpg ——> Ashley_0.jpg
img_1076.3jpg ——> Ashley_1.]jpg
img_1077.jpg ——> Ashley_2.7jpg

SR 75— (R, A e ety i A 6 A B R . S g T ATE) XMIL 58 L AlSC
TR HTML 4B RB E B AT .

11.3 —iE#IZEI52 4 HE (Binary Data Record Layouts)

struct BAHRHET pack () M unpack () Rz, AR ERE AT E)R AR i HIRRERE . AT HiBIE
B, W AE A zipfile SRALRIIEENT , 6 EIEEE 08 ZIP 45 % o 2285 % 3 (header information) .
JEE Z AR A En A T AR TER S A RN DU A A T AL A BEAF ST B (unsigned number), " <" FoR T2 AEHE
FN, [ENEF /N little-endian) {57 TCAHME P :

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:startt+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 Z#17# (Multi-threading)

A THE 2T AR A (sequentially dependent) )25 i (LB A T A (decoupling) FHEAT. Fi At
FERSTETT SERATIRG, 228047 4 T AT AACHR T8 AR A e 42 e 6 D 22 e A TRR A BB BB o — (1A B ) 1 191
e, 84T VO MK, 787 —BATHE P Er TRt

PATN RIS T R B Y threading BEAAMAEE SOE TR, M AR R IR AR A EA T -

import threading, zipfile

class AsyncZip (threading.Thread) :
def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile
self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close ()
print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip')
(R~ —5)
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(R L —5)
background.start ()
print ('The main program continues to run in foreground.')

background. join () # Wait for the background task to finish
print ('Main program waited until background was done.')

ZWATHEIE AR R FEEP RS, B2 Mt R s PR AT 4% . [Et, threading AR
HET Z A 5] 2 BE B 5 44 94 (synchronization primitive), fU354H (lock). ZE{4: (event). 14{4:%# ¥ (condition
variable) F15¥(E] (semaphore).

T E L T RARED, (AN st st nl e s — SU s A LAY B TDA, A5 15 i ) 338y vk
i, EPA SR BUR PR BT, RO queue BHAH )% BT A A2 1 AL T 4%
k. AR Queue YIIETTATA M EEFIE, GES ARG, Ea@. T,

11.5 B[FJEE([F] (Logging)

logging BALR LD AR AR 4> H s Wik H BB R 5. fERMEEOHBET, HEME Guarsg g

sys.stderr:

import logging
logging.debug ('Debugging information')
logging.info('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')
logging.critical ('Critical error —- shutting down')
J
EGEA AT

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

FETEREE, SRR EEIUE A R, i Gtk BIEIMESY 3% (standard error). At 8 IE {1
&, AR EEE R EE . ERR (datagram), AAREIE)EE (socket) B¢ HTTP frl il . HrraH I8 45 ol AR
BB ELET, SRR H (routing) 77, DEBUG, INFO, WARNING, ERROR, } CRITICAL,

H (VAR 5T DA E 1 Python ML, AT DA TG 3 T 4R A0 ML RS 4 DAREEF T )y F TR
[E), 1 0/ S P S 1

11.6 555|F (Weak References)

Python € [ B TRCIE R L (K2 M (F AT 2 B (reference counting) [EVfi i garbage collection
AGHBRIEERS ) . H— 2 BARIRIUR R A, e iE il et .

I 2R 22 i AR A OREIARE B R, (EE ATt 35 e W (AT SR A Ll 428 e P e R e B e 4 .
AR, B HEBEEM, e — @4 ek A L (permanent) ()2 M. weakref HIALHRALK
THA AR HE 2 Bt BB P AR, B H B 595 3 (weakref table)
?ﬂ%ﬁi%l}% 555 | 9 14-f 55— [B]1FF (callback) . LA ) JE FH A0 45 BT 7 (cache) AR LE R A [E B & 4
L

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ repr__ (self):
return str(self.value)

(HERET—TD
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(R L —5)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()

>>> d['primary'] = a # does not create a reference

>>> d['primary'] # fetch the object if it is still alive
10

>>> del a # remove the one reference

>>> gc.collect () # run garbage collection right away

0

>>> d['primary'] # entry was automatically removed

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
d['primary'] # entry was automatically removed
File "C:/python311/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 €M List Y TR

FFE BN ERHE RO TR, T DAZBET Y list (H357]) ZUERGNE . (H2, AR e i e &4 iR
&, TE R,
array BARME T 0 array O #fF, EBE list, (HRERAFFIHN EOR HAE SR T. "F i

7R — R B FL 851 (array), DA (7 TCALRY MEFF5% — i B (unsigned binary numbers) [Elfifi A7 B0 (2
fSE] "H"), WAE Python HEEI (A IERT list v, Ap(EIE H W H M 16 186704 -

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[l:3]

array ('H', [10, 700])

collections BAHIRML T MM deque () ¥, BIgE list, HAEZMMA (append) Fl3E H (pop) H
FEHRCBR, T A R ) I . s AR AR T B VRS (queue) FiTEE B S 795 (breadth first

tree search):

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft ())
Handling taskl

unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m):
return m
unsearched. append (m)

B TR list BEAEDASE, pRsURBAR ML T HAB T, N bisect B, HATREEIERAE sorted list (2
Herpas) eRst:

>>> import bisect
>>> gscores = [(100, 'perl'), (200, 'tecl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort (scores, (300, 'ruby'))

EFET—H
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(L —5)
>>> scores
[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapq BEALTRME 7 —LLpa, AEELHN IEAR list CFLAFEHERT (heap). s/ MERIIHH EKERFHEMEE . #
ST LA N ITE , (PR list T MO R RS, 5 A

>>> from heapqg import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range (3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 1+l (Decimal) ZEEER

decimal BILFRHAE T —1MH Decimal ZORMEAL, AR i Hl 77 B SOE . AT s i Ed fg — i il v B ok
float BAE, #% class HFEJE Y R oS

o Sl R P AR X R HLA 5 B i 6 SRR R E A
o FHKGHERE (precision) f% i,

o PRSI, DA R VAR LA,

o SBEE RN /INE B (decimal place), BY

o fURE S TR R T LR A AT R R R

BN, EEEHE 70 250 TSR b S % BB Aa A, (A T3 R B O e Rl B, A
MR WRIEF LIRS AR RGNS, mEmEE g EHE:

>>> from decimal import *

>>> round(Decimal ('0.70') * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

Decimal MBS G R ETIE, L ERIEA 054 RO BN BT M 5 B HE B8 1 A I R 28
9Bt Decimal AT LATE LT T AHEEM0AS AL, DAEGE)A — e 7 B e T % -t B
BRI .

HERER) FR VAT Decimal class BEIEEAT 37 3 ] V2 BE OB 1 Fr) BBt S AR 45 P AG

>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]1*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

decimal fRAHL W HR (I rp TR S 2 [EDRS e

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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P RigREH

12.1 &4y

Python [ e i 5 & 2 ANTEATHE R OB A B AIASAR o 8 e A R A% 95 S R 5 WA ) e
Joi, PRI {1 P AR ] RE RS R R R B B IE, BS2 5 1 1 T R R AR o B R AR 7
[t

T8 R AN K B2 484 Python st nl DA 2 A7 BN RS 205K, AR B IR 2 A /52— R4 E 1Y
B 1.0 B, (B354 REMAEA B F52 2.0 iz, ARENE B TR 2246 1.0 52 2.0 #RErffse, DA
O R R

EE =2 Al —FERE % (virual environment) , & e—{HR AT ERIA, (E FLIET A #5414 e AR A
Python, PAN—ZRIIMHBKEM:.

AT F R P A X AT AR A [ Y [EeBdss . DARA PR @B ol b, BN A eEER EH T
wyEEERS, [F 2480 1.0 iR, AR REN AR B AT AR 55 Sh—Mf 2.0 iy (EER . e e e
A B LA R T AR 3.0 i, SEEA s S AR A BB

12.2 B FRBR

A A S B PR EHE BB B venv. venvy i@ # € 2SR REEIUS I OB AR ¥ Python., B4R
9 2R B A FRURAEY Python, /RAPAIZEH python3 {4884 BT R4S Y Python.

e U BRI A IRr 0, EARIE) e i DB B A Bkl e 2 4%, PALEJAR (seript) 14T venv BLUAHEIH 4+
SE BRI -

[python -m venv tutorial-env }

W tutorial-env NFEFERIHE, B E L tutorial-env sk, EH W GEEmHEY —MA
Python F 535 AYETA DA B ] i SC 4B A S A el 3

[EHBERSE R 3 ORI B2« venv, SE R4 FE H € (0L EORHICHE IRIY shell T LRIFRERL, RIME bRy
2 BE ] AR RE EOR IATAE R IR A, AR s AT AT (3. EOR AR 1L SR L TR ST . env BR5G 4
WUE AR ALER

— HAREST T EREESE, R AEE .
1 Windows &% H, A :
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[tutorialfenv\Scripts\activate.bat J

T£ Unix 8% MacOS %%, {#1H:

[source tutorial-env/bin/activate J

(12 B2 0038 ] 7 bash shell, AR E ] csh 5i £ish shell, JEHE AN activate.csh il
activate.fish [FIZ4,)

[F%) [F) e 28 5% G U2 /R Y shell $27R 7o AR EUR R IEAE B I B9 BN e 5%, (Bl LS e B 35 DU AR TE WL AT
python [IREE AT DATS-3I 47 5E 1) Python fiftAs, a0
$ source ~/envs/tutorial-env/bin/activate

(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

s T E R, A

[deactivate }

TR #e st

123 H pip EBEHF

PRAT VAR — (Y pip MREARZE 4 . THCRIRS IR E(T. pip FBCEHE Python Package Index ZZ4E%
e ARATAZE B AR A8 E)SE 45 5T Python Package Index.

pip BIF-%H 1454 : “install”, “uninstall”, “freeze” %54¢. (W] PA2:% installing-index 3575, REUfS pip AY
SEREEIIE SO )

VRATPAZ I 4 52 B R4 AR e o AR R -

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

VRULTT VA IR 40 W 2 A4 B == RIUBCIR A E e A -

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

FORIREBATIAR S, pip @RIERBAR TG A, AR EAE. ARAT DA AR [ AR SE RS
RBUFFRZIRA, 802 iTPARIAT python —m pip install --upgrade AEEMTFHR B HATHIRA

(tutorial-env) $ python -m pip install —--upgrade requests
Collecting requests
Installing collected packages: requests

Found existing installation: requests 2.6.0

€ & A}
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(B —1)
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

python -m pip uninstall R =R 2 05 M4 T DA ERERE TR iR E .
python -m pip show W] DABUR— {4 E B FH &R

(tutorial-env) $ python -m pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.

Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com

License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

python -m pip list SHUREMEEEL T IIA ORI BN

(tutorial-env) $ python -m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

python -m pip freeze N DA[FIE—# M C & ZHMEMER, HEMEM#H python -m pip
install AIRAGEBERIAE . — M0 RAVIEGEBOE 0 B2 — M requirements. txt FFES:

(tutorial-env

$ python -m pip freeze > requirements.txt
(tutorial-env) $

cat requirements.txt

numpy==1.9.2
requests==2.7.0

requirements.txt A PASRAZEIMUA ] , (F]HLAEEIRE e R iy — 340 (35 T PAIZH install
- BAEH IR BT

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip has many more options. Consult the installing-index guide for complete documentation for pip. When you’ve
written a package and want to make it available on the Python Package Index, consult the Python packaging user
guide.
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cHAPTER 13

R I RBE L) 7

(TR A SO REHS ()G A (4 T) Python (1 Lk
B . A MREIER s 2 e ?

AFHUERSE Python IR —F43 o SEy SCUFEIEEAR AL SR 5
* library-index:

Wi i EEE S FE), e4ept Tk (EfER) M2 ZM a2 8E, k=X s =X EE)
PIBLAH . EEAERY) Python 4T HUA & & K = WM AR A . A SeBidH w] DA EN Unix (545, @8
HTTP shg R et [EVERLL. airfmdsseE. Baakl. K2 T, EEmE2%F
(VAT DAREAAR T M MR eSS 4H P DA

« installing-index: [EJHH SELfigE fs 2] 22 4% HoAth Python (i F 35 7 & 58 A5 4H .

« reference-index: Python ZEVE DA MFEE NI . &0 SO SR s e ez /7, (EAEE—(RzE =
A B SRR R AR A Y .

W% Python fY ¥ :
* https://www.python.org: Python [¥) 2 Ei4uG . B AL SRR SCPA A %) Python AH BEIH 1) 48 5
* https://docs.python.org: He#i5H R Python B34 .

* https://pypi.org: Python Z{42%5| (Python Package Index), 2 Hitl#%[EJfEF] Cheese Shop', [FI4& T fifi
FI#& B¢ Python B RS, [ERRAMEAREEIW . — HPAAAEEEM BAREAG, AR ] DAS BR 5%
Ve i B3 i3 [EE) HL e Hofh A 383

* https://code.activestate.com/recipes/langs/python/: Python Cookbook & —{#AH & KA G, A5
AMEHEH . BRAIBALLA A F A EA R EME AR 0 BRI S AE — A8 4 ) Python Cookbook
(O'Reilly & Associates, ISBN 0-596-00797-3.) fjE4&H,

« hups://pyvideo.org LT & LA T4 eI GrTEMKAHL Python B H %

* https://scipy.org: The Scientific Python 55 2 —{il {2 A e 2 (s 41 JE 53 B A AAlL, DA ST
EER . RS, JEERESE. BEREE. Sl g —R15NEd.

47 Python FH BH 11 S ) B [ RE M1 ¥, RSAT PASR G B BT BARFAL comp. lang. python, =€ a2
python-list@python.org (%% 25 i L (mailing list), BT AHLFN TS 25 0 B2 A8 0, PR b ot 380 G oo ) T 42
Hols B B — R . BREABO RIS, R (i) M. sl st st T .
T 2597 B AR AE https://mail.python.org/pipermail/,

! [Cheese Shop (j2#J%)J /2 Monty Python ffj—{H i : —(IEA A —SR TS, M siERe, 5eEmBPEgS.

R AR 18 B 6T Python ACREITEBU AL I B
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TEMRMGZ A, i eiERg IR e W (e FAQ) SE Ml HiEl. FAQ €r[nl# i SR Z Wiy
BRRE, ARz MEE 20RO REMEN L.

(%
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cHAPTER 14

BN\ AREE A1 s AT D& (L

A SERRA ) Python B 9 i i A E) 2 1) i 1 /R 22 R B () (history substitution), {{LI7E Korn
shell A1 GNU Bash shell i 2fig. & H2IfEE M GNU Readline s xURACE A, B S04 25 00 43 5 14 JELASS
EA AR E A CWEN S, EEERMEAEET .

14.1 Tab &£ B85/ (Tab Completion) 1 s i2[[#5 48 (History Edit-
ing)

Completion of variable and module names is automatically enabled at interpreter startup so that the Tab key invokes
the completion function; it looks at Python statement names, the current local variables, and the available module
names. For dotted expressions such as string. a, it will evaluate the expression up to the final ' . ' and then
suggest completions from the attributes of the resulting object. Note that this may execute application-defined code
if an object with a __getattr__ () method is part of the expression. The default configuration also saves your
history into a file named . python_history in your user directory. The history will be available again during the
next interactive interpreter session.

142 EHXNEFSINERTE

SIS (¥ B A LL . _EIRTIREMY Y B RE R — I E R (e — SR A s Bl
RAEAERRR TG 4 T 5 RO AR (R &% (parser) H0IH F —4T/2 75 75 S AR HEERT (indent token))
SRR T . B¢ ] T RE & BRI AT IR . A — A o aeEn A (S =) #5598 51
SRAMHALFF RIS, IR ERA .

Ao m B X B s B AR, CRAAE—BOEH, MK [Python, & HA Tab 8 FH 8 5¢ 5.

IR ZR AN R s st EVE S . BT DASE 2R [EVML E i A 3 A AR = b 55— BB
HER F By (BEEE, FE) bpython.
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cHAPTER 15

FROSUER . AR

TEFTEMEIEME T, 7 B3 (floating-point number) & DAKLSLE) 2 (Z307) /NER . GIAnE], 761
N 0. 125 A 4rE] 1/10 +2/100 + 5/1000, [EIREAGERE, iR/ 0. 001 nJE/3E 0/2 + 0/4 + 1/8.
TE W/ NECE AR R B, T ME— BRI IR IR R B A T R, B DA 3R

AR, KREWAEA/NEIRERTER DA 0 NFOR . —IRIGETRE, ARE AR T A0 B R
BEh EUBR R AEE RS B e i B il

e, BB EE A SRR VA /3 BB, ARAT A B E - N

(03 )
o, BRI

[0.33 }
w0, HAFRIT

[0.333 }

RIISE, A irti 2 R/ N, SRR R RS 173, (BRI 2 ARG e
R 1/3,

FIRRRTERE, A IRIBUE AL D A Bk RN, /N 0.1 R 3 O/ MO HE b 0%
FE IR/, 1/10 G — i PR R /N

[0.000l10011001100l1001100l1001100110011001100110011... ]

SEARGEFEAT A RO, ot R a8 B OUE .. 7 BAE R 2B s, 1P B OB i
BOR IR, Hoh PR SR A S oG, 53 e ER, A EHIE A ER A Fe ¥, 1E 1/10 )
B, —HER A #(F] 3602879701896397 / 2 ** 55, [MigdtEiFEns oIz, HARSE AL
A 1710 B EIE

PR BE BRI X, R 5 [EEA 5% B (E R AT UE. Python W@ B —(@ HiE LT RIE, JE
PR T AR RS Y AL DME R ELE T O . AR 2 MRS, An2it Python B €1 E]
SEREINTIE OIS, HAFORRAFTERT A 0 0.1 i —ECLEMUE, e BURE:

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

I8 H— NS R SR 2, FrRA Python A7 SR FFE R A Z A0, HEBIUR & AR BUE::
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>>> 1 / 10
0.1

—EEEUE, MERE BT ERACRRER 1710, (BEIERIFRNEIER REFRM A b, med%
RS HERE ) B

R fAFZz2AERG T &M R — M & TR O
fro3E L 4 %%, Bl W [E: # 5% 0.1 F 0.10000000000000001 Fl 0.
1000000000000000055511151231257827021181583404541015625,#FH 3602879701896397
/2 x> 55 3ble p A E AR T A R R R, AR R AR T AR USRI REAR R

eval (repr(x)) == X,
J&& s |, Python (2R 5T (prompt) B[ repr () M= Gt BB AT 17 (A5 200 e i

0.10000000000000001, £ Python 3.1 }iZBA%A, Python (FEXFMI RS ) BIfERGIRIEH PR
WO HEURE 0. 1.

R, BR TIEOOF SO R, [EAZ Python fYETER (bug), BRRIRFEIER SRR, HERR
Hh A SRR RS, R A B RS B (M LR GRS R A w
WZ2EE], A E A ITA 1 B RN g R )

(IR SR Y, PR AT REAS 2 5 H3 A% XAk (string formatting) [F1A: R Fr) 47 217 8

>>> format (math.pi, '.12g'") # give 12 significant digits
'3.14159265359"

>>> format (math.pi, '.2f'") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

W MREZENS, FHIEERLD, BN —BAIE: REA EAE & A IE S SE T
a9

EELE R4 T L8 . S5 R(E, 0.1 NEEIFM 1/10, =AM 0.1 fy{EAE I, A Er(E
HEREMERY 0.3

>> 1 4+ .1 + .1 == .3
False

[F] 5 , 0.1 NREFFHHEITREHER) 1/10, 324 0.3 ANREFEHIRGERY 3/10, FHSEH round O i
AER A EHB):

>>> round (.1, 1) + round(.1, 1) + round(.1l, 1) == round(.3, 1)
False

BESR BT R G PR B M RS ESE, (H round O eREUWT DASERE & AH RS, —2, K~
e e P B E I 52 45 ] DAL A U :

>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

Binary floating-point arithmetic holds many surprises like this. The problem with ”0.1” is explained in precise detail
below, in the "Representation Error” section. See Examples of Floating Point Problems for a pleasant summary of
how binary floating-point works and the kinds of problems commonly encountered in practice. Also see The Perils
of Floating Point for a more complete account of other common surprises.

W] b SCRABEA , [ 1 MR B S R, WAL EEE R EEE.L ! Python /) float (37
B EE R RRE, RIGT B RARR IR, MITERZ BRI L, GRS R SR H R N g R
2%%53 432 1. EHREZHEHEAREC &M 2E, FFERE, BEEETE0ES, &K float
SRR ] RE BRI AR ZE
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SR IF B R B A LE M, (HAE—EETTS, WRAR R R S AR A, DA Ay
AZEI O, IBEWESRRTEIEE R . str () WEEAE LTk, Mg w4mEr s, o
22[F] formatstrings T str. format () method (J53%) MIAEZHLHE .

HNEENEUE T B ER RG], P PAREH decimal $E4H, &R EAEE F N & 5E A E S
il B FH R S i

A — T S R A A% UE] fractions WAL, AARALEL A PREORE MRS (TR L] DARS FE R 18
1/3 BHEHT)

R I BE A R RN, RER% A — & NumPy B0F, PAKHh SciPy SLEER LAY 2 R s Al
S EER W HALENE . 552 <https:/scipy.org>.

EFERWEET, #AR A a9 B8 — M foat i4K5 i {5, Python $24tf T H Wl 1% By % i, float.
as_integer_ratio () method 7] ¥§—1f float [H{H FERE44:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

HITA % HEA R RGBT IR P B (-

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () method DA NI (FEBAE) 16) Fi float, —HEATRAKS H AR i1 RIS FT (o 7 P VL

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

TE AR 0 7N HE L2 R TA AT A HE L E 2 float {:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

HUA R SR PRGN, DR F R AE AN RIS 1) Python 2 [ ] SEs @k . (IR RAFR)
B RAH RS A HABFE S (W0 JAVA F1 C99) % [E% At
g3 A F T A2 math. fsum () K2, BEAERHIEARIRE BT E RS FER ARG . H s g 31584 7

R EHERS, B EERE) [RERAIE (lost digits) |. 35 1T AR BTEGEA BHERE L (overall accuracy), ({13
RZEAN N R B R AR E R

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True

15.1 RREFRZE (Representation Error)

AR EraeAfgrE [0.1) wpl 7, [EERE CENA SR GBI TRER 8T AT ISR i
(L HFO R CA BARE R

Representation error (FoniEiRzs) REERERBEY, HL (HBLEKZH) HEM/NEARERE
HPA T (R 2) /NEFER. i858 Python (B Perl, C. C++. JAVA, Fortran fIHAzF%) @wHA
& BN VR I R RS U T O B T R

[EHEIR? 1710 BENE WM DA— 18 3/ NEOR SR . 20 B AE 2000 4EPASK, #°T Wl B s E M i
{ili i IEEE-754 J7 B @ BAE , [B) A7 T4 19 °F- & #R A IEEE 754 binary64 £2ifi 1) [ HHK5/E (double
precision) | 3¢AEE] Python 7] float, IEEE 754 binary64 [A{E A3 27 53 MICIREE, FrATESN AR, S5 %S
JI3E 0.1 EEIFN SR8, DL J2N B3R, IR J 2 IEE 5 53 Aochyies. mTRAi:
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[1 / 10 ~= J / (2%*N) }
EE:
[J ~= 2**N / 10 J

AR J AAEHERY 53 70 (B >= 2%*52 fH < 2%*53), FrbA N BYIRAEH{EZ 56:

>>> 2*%*52 <= 2%**56 // 10 < 2**53
True

HH, B IEEA 53 AT, I S56 e N ME—{H. T J fef TR BE R SR i AR IR

>>> g, r = divmod(2**56, 10)
>>> r
6

HRA AR B 10 92, BT AR I (M e i i (o M 45 -

>>> g+l
7205759403792794

BreA, 7E IEEE 754 85T, 1/10 Ay e :

[7205759403792794 / 2 ** 56 }

A5 TRV RERIBR DA, Er &4

[3602879701896397 / 2 =% 55 }

AEVERE, HURTRIMA G, PrOAE R BRI 1710 K786 AR ME AL, ROk & A BNk 1710,
(EAEALATEE NN AT RE 2 4% 249 1/10!

FrA BB TEREN [HB] 17100 BRI RS> B, Wit2 T a3 2 IEEE 754 double fif
pUR(VKIER

>>> 0.1 * 2 ** 55
3602879701896397.0

AR % 7 WO LA 10%%55, HIW] AR BIRZELA S5 it (o 87 B -

>>> 3602879701896397 * 10 ** 55 // 2 ** 55 }

1000000000000000055511151231257827021181583404541015625

T PR AL RS qﬂmﬁ/@iﬁffﬁMr@uﬁ 0.1000000000000000055511151231257827021181583404541015625..
BN ST B’Jﬂ%u%dﬁ, FFZE (L35 Python IEEIRA ) BEIBIF AR & AR 17 (AR

>>> format (0.1, '.17f") }

'0.10000000000000001"

fractions i decimal BAREfE LG EBIERS)

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

(BT —H)

110 Chapter 15. FEIEEH: [EERE



Python Tutorial, [ 3.11.8

(L —5)
>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"

15.1. FTRERZE (Representation Error) 111
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cHAPTER 16

Bt [

16.1 EEiER

16.1.1 SERRETE

When an error occurs, the interpreter prints an error message and a stack trace. In interactive mode, it then returns
to the primary prompt; when input came from a file, it exits with a nonzero exit status after printing the stack trace.
(Exceptions handled by an except clause in a try statement are not errors in this context.) Some errors are
unconditionally fatal and cause an exit with a nonzero exit status; this applies to internal inconsistencies and some
cases of running out of memory. All error messages are written to the standard error stream; normal output from
executed commands is written to standard output.

[ F AR R FIC R R U A R Bt (%2 Control-C B Delete ) @HUN#AELR [ 3:42
IRFIC FERE S MAT IR P A (8 h B, §5]% KeyboardInterrupt B4, HA[DLEM try Bk
KA R

16.1.2 T[#{ThY Python [BJ&

7ES BSD [y Unix Z&%¢ b, Python [EJA T AEHEAT, W15 shell EIA—kE, HBHCE AR EAT:

[#l/usr/bin/env python3.5 }

(st B e B paTH b)) ZEEIAR BIBHEAAE ZE — T A TR, # 1 D E0RAR SR A0 B P A 7 .
TERLEF-5 b, 47 PA Unix BNIERT ('\n ') 4578, MAZ Windows ("\r\n") [EfT. @HER,
FF% # " FIRAE Python T BRI .

A PAME ] chmod 45 A EEA I T Ay A A =l ME R

[$ chmod +x myscript.py }

& Windows 4t b, [E [HATR AOREE. Python 2R B . py H% 8 python.exe
IR, Bk % Python M EEEAE T, RIEAWATLAR coyw, EEMEET, @H e
EENbER ISR I Regi e

! GNU Readline £ {:j—{ F4 B w] G i 1132 — 8
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16.1.3 EEIR[FEHIESE

EARE B Python I, AR [E1B) BB SR REA T—LEARMEHR O R AR 0 (8 . AR T AT 8 3 —
#[E] PYTHONSTARTUP WY BRI HORTE B, w8 MU~ MESEB A SMEES . ENIIFEEEL Unix
shell i) .profile,

B AR A B A R P, & Python fE[EIA iR e, WU E A S0, % /dev/tty 1E
[El5 41 I AR G (35 R R BUAHR BB o e T I B35 20 Al 4 25 ) oA T
BB i F68X import ()9 {4 0] DAYE B B AR ORI BR a2 s o AR ] DATE S MAE R 3 sys . psl
il sys.ps2 SFHIRFIC.

WHERARARAE 7 H B P BB M BB RS, (R AFE SR EE A R P B if os.path.
isfile (' .pythonrc.py'): exec (open ('.pythonrc.py') .read () AR EMITE. 0
TARAEAE—(H [E) A i P [EEAR 2, VR ZEAE (AR o I R R3S Rl

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 E[F1LiEH

Python provides two hooks to let you customize it: sitecustomize and usercustomize. To see how it works, you need
first to find the location of your user site-packages directory. Start Python and run this code:

>>> import site
>>> site.getusersitepackages ()
' /home/user/.local/lib/python3.5/site-packages'

BAE, EA A% HEh Al — 4 (E usercustomize. py FIREER, [ED AR S EMEABA K .
B % Python [ERRIFNY, BRIFE DA —s sBIEFIBLAZE ] H B import .
sitecustomize works in the same way, but is typically created by an administrator of the computer in the global site-

packages directory, and is imported before usercustomize. See the documentation of the site module for more
details.

I3
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APPENDIX A

>>>

83X shell (Y FEE Python 7R850, 5 WU RETE B o DA LB 5 e A TR RS S 01

AR

2to3

o TE— WA HER RS IR . FE— BT A A E R4S (delimiter, BITNIESE. 74558, 1E3E
gk =519%) R, sURTEE— Mg (decorator) 2 1%, Tlii AR HEHE, T B2 shell
JRHYTEF Python $2/R5 TG

o Fi# Ellipsis,

— {6 Python 2.x F2 A5 EE Python 3.x FEalAY TH, & BB/ 0 A A A
TERCL I, T L A A R T i A 1 3 R A T g e 2R

2t03 FE ] AEEHE R B DA Lib2to3 gl il Bt T — (MBS A I8, 7E Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (il 3L KE])

g R EHIE (REE ABC) $#{IL T M ER N E R E, 1EEduck-typing (B TFE)) A4 7.
HAMBIR TR, B2 hasattr (), AIEASEMEUR M M GA0SEER (61406 FH ST ¥ (magic
method)) . ABC [EJfJ[EJ#E 1 subclass (FHiE]) , BMENHER 5 —1 class (JEE]) , {Hg50]
¥t isinstance () } issubclass () ¥k #2[E abe BALMERN 3044, Python A 7 £ B
ABC, HINERI G (7F collections. abe #ifl). 7 (7F numbers ). B (FF 1o i)
J import FAGERFIEALS (FE importlib.abe BifH). KA A abe B E . H O ABC.

annotation ([FJf)

— BRI class B, BRI 2 B0 R EHE AR BB O RRED . BRIEOL, e AR AE[Eoype hine (B
EHER) .

TEATERR (runtime), [ 353 00 [ RR SV A AE I, (B4Rt 0, class JBMERTR X W EfR, &5
Bl e ASAH . class FIpKEUH) __annotations_ FRFREMET .

#8522 [Elvariable annotation. function annotation. PEP 484 1 PEP 526, 1502 %A tohheERY .
R A (EVRR A A B 8y 75 5% 2 [F] annotations-howto .

argument (5[4)

WY pR 2 R BB 45 function (B{method ) W{H. 5|8CE WifE:
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o B4 7| B (keyword argument): FERFNFIY | PLERE)IT (identifier, 14 name=) BHFEMIS |3,
o2 DA ** KA dictionary (i) [EI{E R EERYS ¥ Bilun, 3 Al 5 #J2EPAR complex ()
WY F ) ) g [

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

* 12 % 3| 8K (positional argument): A ZBHH 5| BN 51#. (7E S | o AE— 85 B RAE R &
B, A (5) fEE * 2 & ierable (PJEWCIIE) TIOTCHEPER. G0, 3RS HZAT
ERCENOIVACGIE &

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

G BCE WA E Sl X M R A A e, R SERE A R AR R I, 552 calls T2, 75
Ak b, ATATE S SR AT DA AR — 5 [ Rl (B G i o A [

St s BRI parameer (Z280) W6H . & LEE D5 ERS ¥ Min2EE, L% PEP 362,

asynchronous context manager (JE[RIZB 5B BIZS)
— i AT AFE ] async with BRIAX i RSP F, MESEMEFR __aenter_ () M
__aexit__ () method (J¥%) AG=MHINY. H PEP 492 5] A

asynchronous generator (JERIBEIA:ZS)
—{l€r [A{# asynchronous generator iterator (AE[F]ZEEIEEENLES) MER . BEREKSG —(HPL async
def E KA FER (coroutine function), ERFIMEEME T vield R, ABAM—RYIAH
i async for [FIREMIME.

T M ATRE I A AR — AR P A ek X, (EAERELiEs , WT e R Fn 3k Bl 7 [E A BEX
% (asynchronous generator iterator). #—HFREN TR ENERE, MO E BN, PAREGE
o

— AR A EVE RS R A R await BRI, PAK async for fll async with PR,

asynchronous generator iterator (JE[R]2G(EIZ:2SEICES)
—{ fyasynchronous generator (FEFEVERY) RSB

& s —{Masynchronous iterator (AEFIEENLHE), B EDA __anext_ () method gIFY K, &[] {EH—
E T % R {4 (awaitable object), %A EAFAATIE A E AR R T80, HEBE N —M yield
B yield GE{E AR, ERt B0 S ke (35 M s M E iy wy PR . HaE
R ¥ EA ZBERENS P __anext_ () [BIMEM WS AR BIER, &R E LK
AT, 52 (E PEP 492 f1 PEP 525,

asynchronous iterable (25 [ [EfCHf:)
— M Y, BV PATE async for BRAA R . UWHREMW _aiter_ () method [A] & —
{®asynchronous iterator (JEFZEICEE). B PEP 492 2| A,

asynchronous iterator (JEFRIZBECZS)
—{HEME _aiter_ () Ml__anext__ () method ¥k, _ anext_ () WEN{E—{#awaitable
(WS E) o async for GENTAERIEENMR AN __anext__ () method i [l /it ] 26 R4 14,
HFI'EG[% stopAsyncIteration fil4h. H PEP 492 5] A,

attribute ()&M)
— R LI A B RO ME, RZ(E K RE 75 1 ) 40 P i 502X (dotted expression) [ 44 g 22 B . 3]
an, WP o H—HE N a, HIFZETERELA 0.0 #i2HE.

WER—E T, 6T — AR B identifiers T e 36 2 #h([E)4F (identifier) 118 14 & 4
FIRERY, BIANGEA] setattr () o 1RIEFRI B 1 M6 0 1 BE 2 B SR xR, T2 5 B
getattr () FKESE.

awaitable (W[ Z:55911)
— [ T AFE await R X P HEEH AP 4. B0 PA R — Wcoroutine (hHE) , @ — A
__await__ () method ¥, 352 ([E PEP 492,
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BDFL
Benevolent Dictator For Life (&S {-28M#3% ), X 44 Guido van Rossum, Python [ .

binary file (- if:l#$5R)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary
mode ("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

s Eext file (XFHESE), ER—MHAEERIREA str WERY.

borrowed reference (fi%J]22H)
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

$borrowed reference WENY Py_INCREF () DA B HE (in-place) ¥ [EElstrong reference 245 ik 1
¥, BRAERZE AN RBTE SR — IR A 2 IR i 8E(E). Py_NewRef () Rz HT HIHA EEr— 188

Hstrong reference,

bytes-like object (JEfc4lhitk)
—1 3 4% bufferobjects H.BEEIRE ) C-contiguous SRV . BHIEHER bytes, bytearray
flarray.array P, PAKEFZ % M) nemoryview Y. FEALTCAER Y4 PT F A b8 2H — 3 1
R A S SR A RA . A R RS S RE I socket (FHEE) k.

G L TR R AT . (EIIA SR RS L AR [ R S A e AL R
AR SR (E W )Y 4T bytearray, PAK bytearray ) memoryview. i85 75 25
il ERM AP EA AT (TMERER BN TR ) s S dE bytes, PAM bytes
Y memoryview,

bytecode ({IC&HE)
Python 1) J5% 4 1 & 4 i i AL CALAS , B2 Python F2:UAE CPython BLFEES T YEBFRTE. #% (L
TCAHAS R PR pyc BT, PAESE R TR — AR R R RE s peskl (W] DA 7 S L 18
EgREN CAHME) . S [T EEES (intermediate language) | #2E) 281 THE— W virtual machine
(EWttar) b, sZEW S G AT B 3 1 O AH A% 3 HE A M #3105 (machine code), ZEERMZ, 17
TCAH RS PR a2 VAR R R Python [EHEMEAS 2 HIEAENY , R BEXE AR [RUA Y Python 2 [H] AR+

(LTS8 25 2 7] DATE dis ASTAH A [ HH SO 4R 3

callable (wW:nL#{t:)
—{H callable J& R] ARGIFERY AR 424, WU IR AT REDA R A B0 — A5 1 8 (3% Wargument) :

[callable(argumentl, argument2, argumentN) }

—A function BLEGEAH fjmethod FJ2 callable, —{HAEVE __call__ () J7¥ERY class 2 B il 2
callable,

callback ([a[if)
VIS | S5 R 1) — 18 B 2X (subroutine) R, &7 A A LA R ] B e LA 7«

class (JiE])
— P A A e AR . Class 11922 230 7 @ £ & method £ 3%, 182 method 1] DA
£ class 1B LI THAE.

class variable (HE[E/528)
—fHAE class "PREFR, HIERZLBEAE class IR (RXBINEFE class B ) wiis ok sy,

complex number ([E14%})
—HI AR EHAR ST, TR BT G 2R [ B A — W ERR 2 F. [Eldogh 2
[ElEEA (-1 PR POECERT, AR SR g (E 1, TR RE) 5. Python
[ T HEHE %, ©rARENRERIRES; FRRaE - mesn 5 sime, sl
3+175. #EHF math BEAEIR THERH M RER, F5600 cmath B4, 00 12— A5
MR EEET e . IARIEG 20 2 B e MoK, AR T AR VR T DA% 42 b Z 0 T
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context manager ([5EE5PNES)
An object which controls the environment seen in a with statement by defining __enter__ () and

__exit__ () methods. See PEP 343.

context variable (Ji5hE5s))
— s g, HAE T AR BE B SCAOIE SR MG BT AN [R] o 58 IS4 T 4% RISk f3# /7 [ (Thread-Local Storage),
EHA, — AN T T R A AEME. 2R, BN, R s ae e
BT, MRS EE Mg, RIEETTRYIER2T# (concurrent asynchronous task) Hi, #f
béﬁ%[ﬂj(%ﬂglﬂ o %%% contextvars,

contiguous (JHAEIT])
R —f 4218 [ 52 C-contiguous 5% & Fortran contiguous, I’ & e Hipi i E S 480 . B4 (zero-
dimensional) {4 [ %S /2 C M Fortran contiguous ., F—#ft (one-dimensional) [#i%1| /| 4518 H W JELERD
TR RS PO A AR RO HES , TR PR P LR IERY . 7F 2 4% (multidimensional) C-contiguous [
Fr, FERC RO NE T A I R, AR — RS s b et 81, £ Fortran contiguous
Wz, ARG bk

coroutine ()
s 2 W2 X (subroutine) (1) — il B FIEE T 2. mII R 22 e R0 PRl ] 5l 3t (B 7 — {1 e )
EGR . R AT ALE FF LS N R B IR Bl A L SR AR . EMREEIA asyne de £ BRIAZHE
HIE. HaE2([E PEP 492,

coroutine function (FErA=)
—fA ] i corourine (FhFE) PIFRIRES. — M FEENEEVA asyne def Rz, [Ev]EE
W await., async for fll async with B8, BSLEEFH PEP 492 5] A,

CPython

Python F2 355 A B /E (canonical implementation), #%#7i7E python.org . [CPython | 31/ #7
FHTEL R A, Al M B R B RE F R EAE, 40 Jython B IronPython,

decorator (Z:fiizZ%)
—E R, TR E S R, W E TG ewrapper #EE, B El-—E R X1 8 (] (function
transformation), SEHFESHE REME classmethod () Fl staticmethod () .

Fe e REA U RN . VAT W ol U SRR 58 R SRR -

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

Class HWAFTEARIRI AR &, EAEARE A . B Eeips e 20, #H2E R E %M class
S FEMEI S

descriptor (1iiA%%)
Any object which defines the methods ___get__ (), set_ (),or __delete__ (). When a class at-
tribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

i 2 4 method YT M, 5 2(E descriptors Bl iR #3467 .

dictionary (“=iit)
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eqg__ () methods. Called a hash in Perl.

dictionary comprehension (L4 &iEE)
—MEZEW I, HARER T E Y i s e R, [ B A R DA 52 i ]
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results = {n: n ** 2 for n in range(lO)}@’EE*@?iﬂia @/E’TT% @%ET@”E

n ** 2, #52I[F] comprehensions.

dictionary view (‘FzHUiGH)
ft dict.keys (). dict.values( Zﬁdict items () [BMEAY BRI T AR . B3R
TP EH B AR, B RN T S E) ﬁ*ﬁ%ﬁ‘%fi]ﬂﬁ_‘kb AE) B AR
HHE)sE R list (F2%1)), ZEHH llst dlctVlew) ([ dict-views

docstring ([EIH)
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (W5 24[E])
— MR RS, BN R RE AR R R BB R 2 e R T LA IERER A E . B AR 2
()52, method B J&§ 1 € ¥ 4 Hb P s . (TSR e AR ARG — G 71 HLn e e 1% — (B
T, BB —EL BT, 1) KHEEG A mmIEs e 2E, osstefeSs e @2 m N
(polymorphic substitution) &3l () @G . T8 T RE R ] type () B{ isinstance () H
. (ERwEEE, WTAIE R AU 46 %08 k38 [0 (abstract base class) RAGFE. ) SR, BEH
€A hasattr () HlEt, SU2EAFP B EEEHEWE .

EAFP
Easier to ask for forgiveness than permission. (753K % SR AL ) BT LAY Python 4%
JEHS G e A R S B AT, B %R %ﬂi?ﬁﬁﬂﬂwﬁﬁ%fﬂ% 128 7o 7 () LRt g JEL S
HEF O RIFET LM try fl except PR, B2 HMEET (Fln0 C) & WALBYL &%
e T ¥

expression (R
— B DA A ER (R RE . EAIEEE, —MER s cs . 4. B, EE TR
W S RO SRR, T 2O PR RE 1] i Eﬁiﬁg/ﬁ\ﬁﬂnn QKIEJE’JXE, IRE B ERil]
Python 33 & M 2 A %’%75 —Lstatement (BRIAZ) RNEEBHMEER, i1 while, B
{E (assignment) 2 ik, A2 E R .

extension module (§§ FEEiZH)
—fHPA C B C++ Sas 4l, ‘&Ml Python i) C API ARELAZ.O K fifi i H R X B EAT H ) .

f-string (f GzH8)
PA T 5 F BT R SRl R E) [f 2R, B R R SO SR . S
PEP 498,

file object (K§R¥1F)
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

HE b, AR R =B R4 R BN BRI LT R . ETIANATETE 1o
B e S . BRI R M open () MR,

file-like object (JikEZRMTk)
file object (REZEWIME) W IFIFEF-

filesystem encoding and error handler (2% & %% M HIZE s R B AR, )
PYt/}Ilzon JR T — TR AR A A SR IR R X, AR B A2 R Mo, PASGK Unicode %t
MRS

T R S A A PR B BE LT IR AR FIr G /i 128 BN TeA . WIS R R S A a2 (L oL e, HI
API (R 5| % UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () I A HRNEL

TR 5 25 2 A B AP o B R X

filesystem encoding and error handler (&2 2 &% 4 1% 1 $% 3% jE FH 6 =) & #E Python [E] & Hr |y
PyConfig_Read () PRI KA E: #2&[F filesystem_encoding, PAM PyConfig [ E
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filesystem_errors,
Hag2Fllocale encoding ([FI4AE)

finder (=}HH7Y)
—fEPiE, g EREIEAER import AL R loader (FALR) -

¢ Python 3.3 BRUG, 5 W RRIETL ) AR ES . 7LIEAE S48 22 (meta path finder) €[] sys .meta_path,
Wi ¥448 78 B 4 2% (path entry finder) € {fi[f] sys.path_hooks.

#2(F PEP 302. PEP 420 fIl PEP 451 D\ T W Z 401 .

floor division (i) FHUEKR:)
) A iy 55 B IR I RS M R . 1) R B RVA I T2 / /0 B, R 11 // 4
T4 R 2, B float (FREKM) ZURVEFTMIENG 2.75 AWM. #UE, (-11) // 4 Mg
-3, WEE -2.75 $ie T HEHIE& 2. #2([E PEP 238,

function (R
— B EOART, B AEE eE Y ] e — S et ] AR R AR B (8 7| B, s [Tl
RS A AT, iz Eparameter (23%). method (J7%%), PAM function FEfi

function annotation (F=XEIFE)
bR X 2 el o EE A — B annotation ([EJRE) o

A LR FE R 2 Ee = g, BTGS2 MME int 518, EeA—@ int [
H{E:

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

pR 2 EIRE A REAE function ZEFIA FEANARRE
it 2Elvariable annotation #1 PEP 484, B/ IWIhEmHiiA. BRERBNRETEER T, Bzl

annotations-howto.,

future
future BiAR: from _ future_  import <feature>, /R4 Eae i ISLLLE Python 7R
PRI B WA P U EREE M A R YA SR BE 28, AR s E B4, 1M __future_ BIAHAIGEE T
featre (F14%) WRERIME. i import PUASAHFISE B BORAE, /RVT LAE 1 B0 ) BE 2 Rf 1
WHHEE| EE S, DAREMEE e (2 48) B IIRE:

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

garbage collection (b nlik)
RO S PR R R, I BRI AR FE . Python AT IR MUK, 25 2 MR EF#L (reference
counting), DA K — 1 & [F) g ] A1 A B 22 BE G B2 (reference cycle) A9 8 17 3% M UL #% (cyclic garbage
collector) Z&5¢ Lo 3R MISGHR W] AGE A g AR4H S8 LA T4

generator ([E4:%%)
— {8 & [l i generator iterator ([EVEZRENRER) BIEX. BHEERG -MEFKEX, BEARNZE
WBET vield #EHA, BEEE—RINME, BEE W HR for [FlE, s20A next () X, R
R A — R .

TE TR AR R —EE AR R, (EAER LS, WAl ReRFonEle SERE. B—H%
BN RERENERE, A e aTaE, DA RIEEE.

generator iterator ([F)ZE:#$ENCES)
— il thgenerator ([E1A:2%) BR=CHT L IHI
M yield GrEiEm iy, ER B Em kg (G5 ks s S b wy k) . #E
i)%%ﬁ%%@@ﬁ%:, BT LR B AT (BRI 0 hg R ) IRr 0 T B A 1 ek = A
).
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generator expression ([EJZL:#$i#%)
—(AghEERERNERER. EHEERG MEEEE, BmEE M for T4, & TFHE
T EE s AR 1 ). sZALAER e AN E pa X E AR 2 R

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

generic function ({Z7pX;)
1 £ 2 M R AR B BRI X, % o XSS [ A R (BB E R [ (S . o] 3 % (0 O A
1, 2R EEE A (dispatch algorithm) 2R([E]5E

Wt Flsingle dispatch (B—3HEF) B H . functools.singledispatch () #Afirefl PEP
443,

generic type ({Z747I[E])
— 1 AE[EY 2 ¥ 1k (parameterized) frype (ZU(E]); WHE—M ZaHE, B2 list fldict. B
R R [Elde = FE 2 .

s 2z ME4 BE. PEP 483, PEP 484, PEP 585 il typing f54H.

GIL
#5 2 (Flglobal interpreter lock (43 2225481) .

global interpreter lock (43 B 45%$3H)
CPython T i¥%4a T FHIBE ST, FH DARECRBE R R A — AT 45 BELAT Python [¥ibyrecode ({3 T#H
) . SRR (LRERENERE, dict) HEHEREFTAFE (concurrent access)
HIf@BE, BEA%HI W] DM fk CPython AU EFE. SH 38l H %8s, G B ER S M EZ T4
(multi-threaded), {H 1 /2 i n 22 JE BRSO RS2 REERR LA — RS 4F4T 1 (parallelism).

SR, AR FERA, MEum M B SE =, B MR s Rt e A T I A kA (E) S R R 4R
(computationally intensive) FfFE#5RE, T AR GIL. B4b, fE#AT VO KF, GIL 482 ey fifhs.

W HE S TR GIPATA ] By (VAT RS A0 B B S 2 R A LR g ) 55 I [EIR L
o1, WEE—BiE— R E T, SRk, —RRE, HElcasaeme, g
PR REIRERT 2, MM AT 58 o A AR

hash-based pyc (FEI k& pyc)

— (AL ICALH (bytecode) BT A7AE , & I AE[EVE AN /2 3 HE IR A AR R A B AR A R [, e e HoA
Wtk . w52 [F pyc-invalidation.,

hashable (7] §fE))
An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

ALEENE: (hashability) {fi— Y7 AT i dictionary (F4tt) RYHERI set (Ffr) HIMRE, HEELH
R B T A EN .

ﬁ%ﬁiﬂ’] Python AT SEEA) (1452 nTREEIRY s ATE A%ty (B1AN list 5 dictionary) [EIAVE; TiA

SRS (I tuple (JCAL) Al frozenset) , U HEMYICE 2 TER, B4 S 420 i
B AR B E class IECBL, )5S L6 (e gl v s () n] AR (ET Y [:TF?TFUFH%%EH%E%K
RAMER (BRAFEMEECHR), meEMpEER04 3 EMr 1d(

IDLE
Python f¥] Integrated Development and Learning Environment (%54 BHESELEEEEES ) . idle 2—fHEAR
) AR AN LR AR IR ST, BRI Python FYEETE BRI TR — A g 11t

immutable (An]%&H1k)
— A HA B ERE. Anl Sy aiEs . A wple (Joél) . BEHWIFE A REBICER
NSRS [ A (b ZE R G A, MBS, — B . MR B R R ENE Ry, i E
B, i dictionary (L) g —{H S .

import path (5] A J&1%)
—HOLE (Eipksesa 8 ) BIANFE, ARSI ELEAE import BLAH Iy, €rifipath based finder (ELjitE%&
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By tads) BN ACE . AE import IR, S ESIREHZH A sys.path, HERTEMN
(subpackage) M, EMAHERAEEMH) __path__ B,

importing (5| A)
— (R . —EBLA ) Python FE=UA AT DAE A MR AR, ) — AR AL H 17 Python A2 A5 .

importer (5IA%})
— (A RIS AR AL BB R finder (FAg8%) tRloader (BALR) WF-

interactive ( H.Ej1))
Python 7 — i BB X H 4%, ﬁ%ﬁ‘%TMTE%%%E@?EE‘?TE%/\%LEWHL%‘? SERIRATE
MEIHER EMPEER. HEES) python, ATHFEALMG# (W] BEHE b7/ B RS 1Y) 5 138 B ge g
B). aalE iR s i n JeE E R (R help(X))

interpreted (Pi%Y)
Python & —HE 55, MA S MRS Ki@iﬁﬂﬁl [ 43 7] e LeAs , R ENA (37 T4 A (bytecode)
SR AR AR o 1B FR RIS 0] DAEAEMGELT, 1A TS I R ST o — A T4 %ﬁﬁ%{lﬁ
B Hibnh ol et oA Han B e / BREE, N eMmpofeaE s ams .
Flinteractive (HEIH) .

interpreter shutdown (P 7SFH)
i Python 2R 9k ZKBHPANY , B arf A— BRIy B, FEM e B i A s e e & IR, 11
ﬂlﬂ‘%zﬂﬂlﬁﬁ BRSPS . B E 2RI 3R =k % (garbage collecior). & REEE #5648
TE WA HERG X (destructor) 5555 | F A1 (weakref callback), [FRUf7H A (o RE =05 . 7 BH P I B b
% gi{;&;?? BRI RREFSN, HEE ISR EATTAER T (7 A6l ek X Bkl
g ]

BB EERE, & __main_ BASUEPHETOEARC BT
iterable (W[[EMCHI1E)

An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes
you define with an __iter__ () method or witha __getitem__ () method that implements sequence
semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
...). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary tocall iter () or deal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator ([E{t2%)

An object representing a stream of data. Repeated calls to the iterator’s __next___ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use it in a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

£ typeiter 3CH ] AR B B 2 &l

CPython ‘B fE &l fifi: CPython does not consistently apply the requirement that an iterator define
__iter__ ().

key function ()
# o U B B 30 (collation function) 2 — i AT IEIY (callable) R, & [ml fE—{i 1] R HE)F (sorting)
HERF (ordering) W{H. BTN, locale.strxfrm() 1k F AR E) A —1{H TR I A HE 1 Y HE
JF

Python Wiy 2 TR, %52 DA R 2R B CRBOE P el AL 7 30 B min O max ()

sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
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Ml itertools.groupby () .

TR AT DA, . B, str.lower () method W] PAFEIEIAR 43K/ NES HE T 11 88 i
Ao B, B R W] AME lambda SHAPE, filN lambda r: (r[0], r[2]). 5i4h,
operator.attrgetter (). operator.itemgetter () Fl operator methodcaller ()

ARG R A R X (constructor) o I AR fE N2 AN BT SRR S HE A, S E N HEY .

keyword argument (2575 185%)
#t2(Flargument (5]85).

lambda
i B —expression (GEE ) FrAH M — B 4 fTEIK =X (inline function), A 3% b8 =045 P 0y ISR (A .

#£57 lambda KX HFEVE 2 lambda [parameters]: expression

LBYL

Look before you leap. (= JM%A7. ) & T8 A 6 RS Er7E A TP I el A 2 T, WAt It S e
. B EAFP ﬁT}F/ﬁkiﬁfﬂﬁ HEMRre2aair2 1 BT,

1E— ﬁl%%ﬂ TR, LBYL JrAUHAE [ =R A1 [4&47] Z M5 I T BEF (race condition) 1)
Ja\Bg . BIUA I RE A 1f key in mapping: return mapping(key], WIRS—(H#ATHIAE
P2 R AT, A€ mapping RGBT key, RIZAEACHEAL & KL 52 LB T DA FT 8 (lock)
a6l T EAFP 85 7 AR (E .

list (#i51)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension ( H 5|45 & 315
— e 1 AR — M 3 51 G AR A e R, ([ R PR A SR DA — 1 List (Rl B 2L )5 5. result =
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &[E4E —{HFEP list,
Hod 0 3 255 iEE], Bra Ees oS s ox.). if FAESREER. WA, 1
range (256) FHITH TCREES SR

loader (EARY)
—EREER AR . T EEFR—AAE load_module () [ method (J5%:). HAZLEE
Setlifinder (Fggs) . HE2AHH2E PEP 302, Bg]ﬁAabstractbase class (IR, &%

2[F) importlib.abc.Loader.

locale encoding ([ I8 Zi5)
£ Unix [, ‘B2 LC_CTYPE B Em 5. B PAH locale.setlocale(locale.
LC_CTYPE, new_locale) #%E.

7r Windows |, ‘B2 ANSIfCHEE (code page, fil#l "cpl252"),
T£ Android 1 VxWorks |-, Python {#i[f] "ut £-8" /E[E] | 54w .
locale.getencoding () can be used to get the locale encoding.
WEE A filesystem encoding and error handler

magic method (JE#kr Jji:)
special method (455K ) WI—E 3EE =[5 285 .

mapping ()
— AR Y, B BAAREN AR, HAEE A abstract base classes (i 5 &R H(E]) o,
collections.abc.Mapping B{ collections.abc.MutableMapping f$8E R method, #i
Blfi4E dict .collections.defaultdict.collections.OrderedDict fllcollections.
Counter,

meta path finder (JCHETEabIEY)
—MEL 18 sys.meta_path [ [F[{E# 1 finder (FFAGER) . TCHEIRFAGARELIL A A B 548 255 (path
entry finder) M BEZAR
B A TCIE R B A EAE ) method, 352(F] importlib.abc.MetaPathFinder,

metaclass (JCE])
— 7 class [y class, Class 5 FEiB A% € 73 37— class Zf5. —1# class dictionary (F8) , DA S —1#
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base class (FICHHE]) #9513, Metaclass 5578 =MD #, [E#E3 class, K14 n)
FEAHE S e I FE R A B /E . Python (4RI BEAE Y E BEEIE ST F %71 metaclass. KEBMH) A
FHERAFEW T H, (R FHEN, metaclass 1] DARALEIR HABHME £, 2MEw ks
EF A, B a4t BEFET . BEIEEAIRE (singleton), DAKFFZE HALAIT S

B %2 &5 A DATE metaclasses 25 i 14k 2 .

method (J5#)
—{7E class A< EEIgE 2 A K. A0SR method VEEIE: class B il i — {0 & M gieny , HIE K &5
KB EREE 95— Hargument (5190 (M5 Mol HWAE self). BB funcion (HX)
Flinested scope (EMRAE ) .

method resolution order (Jj 7. /M IE)T)
T VSR IE S e AT PR R B i AR, base class (ELEHAE]) B aplEF. BN 2.3 RE
4>, Python FL3#a% FT i F T BN ER, 552 (E] Python 2.3 [ A MRITIE)T .

module (Ei%H)
—{E#54F: Python PR A AHAK ¥ (organizational unit) ({4 . BHA —EmAEH, BEUEER
(1) Python ¥4} LA ZFE Hiimporting WAL, #HEA 2 Python,

it [Epackage (1)

module spec (L4 )
— WS, Bas AR AR import #H B & #l. B J2 importlib.machinery.
ModuleSpec [—{EEH .

MRO
i 2 [Emethod resolution order (75 ¥EFENTIET ) o

mutable ([5E47})
AT DA B, BHERFEMN i O o SRS Eimmuable (R EPE) .

named tuple (F#Ic4H)
#iak [named tuple (P42 7C4H) J 2487 tuple BRI LM HEIEY class, H B[] (indexable) Tt
F AT DA PR 44 8 1 AR A 3 Se U5k class AT DARAT HoAB I fRbE

5 2[R [F))2 named tuple, {U3fH time.localtime () Ml os.stat () [EENHE. H—MHFT

& sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be
created from a regular class definition that inherits from t uple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be found
in hand-written or built-in named tuples.

namespace (i #23i)
SHBE R . 4 25 P2 DA dictionary (SFHL) #EEEME. A IWIsiy . Ak K EE ) a4 25
MAEY 4+ (7€ method ") A SR a2 25 M. 54 25 MRS PT 1k a2 E%, AR . B
i, K3 builtins.open Ml os.open () i E M) 24 25 WA 4 . fir 44 25 106
HH et [ 2 MBS AE B A —H pR X, RIS W Pk S v Atk . BN, %t random. seed ()
B itertools.islice () FHfEHLFE S, B R A E 2 B random fll itertools FRAITEEAE.

namespace package (7 Z23MIE:)
—{l PEP 420 package (£{F) , & HEEAEEI T2 (subpackage) fy—{H %525 . v 44 45 & {4 0] fE
Ef g 2R, mHEEARE M ARG R —fregular package (IEREN) , HEEMEEAS
__init_ .py BfEREE.

Az Emodule (KAL) .
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nested scope (HURERIR)
fiE(E]22 I8 /Mg 7€ 3§ (enclosing definition) F [RS8 RE J7. BRBIARIE], — {0 =X AN SR 2 7E o — M e X
e, MEMEREE2RINg R Pse. e, EREEEET, SR 1EHEEE k2
W, T R ek s e e B (i Ik P R S B IR, A MU A Ak 44
2 EEUCE A . nonlocal P IMNEEHEIE TR A

new-style class (FiAJ(E])

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (¥1F)
HAREE (BrEoE) MoiEznFTE] (method) MYEMIEERl. B R Mnew-style class (Hiz\HE
[E]) At base class (FLRHEED) .

package (£1})
— W Python fAjmodule (F41), & AL T4 (submodule) By 2 IEEIH) T (subpackage), %
b, Bl __path_ EHER—8 Python 54 .

Wak2Elregular package (TFFHEME) Fnamespace package (64423 MEME).

parameter (Z)
AE function (pRx) B method 7 5§ ¥ —fH iy 24 B #E (named entity), &4 B 3% bk 2\ BB 32 32 19—
Margument (51#0), SAEFLFE FRR2SMEE 8. G H FREAR RS 8EA
* positional-or-keyword (1B BT )« H&HH— W] DAd% 18 12 B SURAEEIM 425 7| Sl R 1)
18, ERSHIMTERERL, GIMPATIR foo 1 bar:

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

* positional-only (FEFROZE) : H5H—ME L REHL I OL BAR AL T | . FEpRE S 2 8 R
W /50, WnT DAERZ P OCHT T E SR E RO E 2 8, HIANLAR ) posonlyl 11 posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

* keyword-only (MEFRBHSET ) : H8HI—MH X BECABHSE 7 RIER B0 5 [ #. TERdUE 361 2 W%k
A AT R 2 U (var-positional parameter) Bi& ALY * 700, BT DAFERAR Ty
TEFRMERBEHE T2, BIWPATHY kw_onlyl Hl kw_only2:

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

* var-positional (fEREMEIE) : 45U —HBELMERF PSR BLi 7 5 | . (TEC B 2 8
ARG | M AN . BRSO ERIE L2 WA E L~ HOEFR, BIIPAT Y

args:

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

* var-keyword ({F7Z8CR BT ) FEATPTHHRALE S BRI |3 (FEC g2 B2
?ggﬁ%%ﬁi%?%l%iZﬁl‘)o EHZUEERE LS AT I ~~ AEs8ny, Filan b
| F ) kwargs .

ST ARG | ORI AR s F5 Y, 0T DAE— 6585 e 1y 5 | B o TR (-

7y i 2 B i e Wargument (5180 W H . & LB E P51 80 282 M 2£([E), inspect.
Parameter class, function Z i, DA PEP 362,

path entry (#{€51H )
TEimport path (GIABEAE) "PEI—MERLE, Wiparh based finder (BEFABALHI B G2H % (E
242 import FYREAL .

path entry finder (¥%{%3H H =-4%%)
Wi sys.path_hooks HIF{— a] BEHH{4: (callable) (& Bl —1{#path entry hook) Bt R/ — T finder ,
BB AR PA—{Epath entry g RiASAH .

BT IR AR TE H A2 EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,
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path entry hook (%% i H(E))
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules
on a specific path entry.

path based finder (JLRPEELIT M%)
THBE USEAE F 48 55 (meta path finder) 2 —, "B &FE—@limport path 118 FH54H .

path-like object (FHPRIEH1E)
— R FRRAE R RS BT DU — R BRI str 8 bytes ¥4, w2 —M
BHVF os.PathLike W EWWMH. BB os. fspath () K, —f%4E os.PathLike WE
AT DA E(EIE] str 85 bytes MR R I4FE; 1M os.fsdecode () M os.fsencode () HI
SYEVAT A AR str M bytes HI%E%. i PEP 519 5] A.

PEP
Python Enhancement Proposal (Python J[F4#222). PEP 22—k sHEIRSCf4E, & REE] Python #1832
B, B2 Python )—(F B Bh B ol % B e YRR P Al B BE . PEP JER% B4R LA 1R A0 S A
PAS B 22 ) RE O AR IR L

PEP WA TE HIY, 22 B E R P FE 2 ALFE v B Sl 1 R ) 2 S, ARRE A
Python (1% #HEVRIIFEE, & SeilFRi 1= 2l . PEP 1)1 2 & e te ot e ) d vy el e (B 5
.

#H2[F PEP 1,

portion (354))
1 B — H [E)p ) — 4R 58 (M mTRE A TE — 1R zip A5 ), 35 SEAR ZE R 3 — MRl iy 44 25 TH] B4 (namespace
package) Tk, WIlE PEP 420 H1)E 3.

positional argument ({5 5|45
s Flargument (3]38).

provisional API (%47 API)
AT APL 248, (EHAME R =L 4 AH 25 1 (backwards compatibility) fRa&Hr, #E#HERR T APLL
BESR LN T, HEe MBI, M EER A ERWET, FE%.0E A SR
EELE, Wnged BB mEAHANE T (LR AR . % EEA G mEmHhE L
—HA APT YA A Z AR B e B B AN BRI e f i IRy, e A etk

ISR AT APL, B AAHZS Y 8 S8 Gl i) [ MRy %2 ) — STl B [
ATB9R € 2 mT REH th— M 1) AR AR A AR E )y 52

e {28 A (S A A 4 o X R B B TR PN BT, T B SR AR = 1 Ry ] 25 B A I R Y et B
it 2E PEP 411 T 2 41 .

provisional package (‘E17%1)
it (Elprovisional API (%47 API),

Python 3000
Pythorj&x FIVARERE (RAATIRIER, HWRH 3 B e e R 2. ) dnl AR 25 ([E]
[Py3k].

Pythonic (Python Jal#&t])
—(EAVE S —BoAEUHS, EEA] T Python 3 5 Il FBIE T GE, A2 8 1 HAB RS 58 RIS
ACECVERRCAS . (U4, Python Hrig WLy —ME B YL, RMH—M for BUAX, #H—MrIERY
PRI TR EATEIE . 3F 2 HAbRE S EEA S 280, BT AR#E Python (1 A\ AT IR € i
JH — (8 e B e AU

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

2T, DA AR E . 3AA7 Python Jalks :

for piece in food:
print (piece)
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qualified name (Pl %5 )
—fE TEFEARE], EBURRE— LA A 2 R A e 28119 class, pR (B method [
[EEE8], 4 PEP 3155 e s, EHR TR ph U1 class 5, BRE 24 FR B (42 Rl A ) -
(>>> class C: ]
class D:
def meth (self):
pass

>>> C.__ _qualname_

ICV

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

>>> C.D.meth.__ _qualname_
'C.D.meth'

WA G EALRE, ©ATRE & & (fully qualified name) ;23R B SERE B 73 B BR AR, ELFEAT AR
MAZEM, Bl email .mime.text:

>>> import email .mime.text
>>> email.mime.text._ name_
'email .mime.text'

reference count (W)
R — YR 2 R A 2 EET IR 2R, o if#IREL S (deallocated), &
WE 51 GE A Python FEASHH A AR H|, (HEEDECPyhon BER — MBI T . BT RT DA
N getrefcount () PR IREIE—HERE Y2 BEHE

regular package (IF#£1):)
— B S package (£4F), FIIN—@EEA __init__.py fHEMHEIE.

etz Elnamespace package (423 .

__slots__
e class [FIFY—ME B 1, EHHBUCESEOEENZSHE, PUIERE G dictionary (FHL) , %K
i RO . MEARRZROTAR T, (HE A B DO MG Y, e OR BR A0 I A O 1 e
(memory-critical) [ FI A= A7 e K B 20 5 LB T

sequence (J3:41)
An iterable which supports efficient element access using integer indices via the __getitem__ () spe-
cial method and defines a ___len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just __getitem__ () and __len__ (), adding count (), index (), contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (44 &i i)
— T B vk, AR W EAR ) i AT S e R, R PR A R DA set
[H{#, results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} &[F4 5
set: {'r', 'd'}, 7#H2I[E] comprehensions.,

single dispatch ( ¥.—3RFf)
generic funcion (ZHUM) WHREM—TETEN, FEML, BEAEMSERR LR B —5 | S B,

slice (VJH)
—fE 1, EE R Brsequence (JFH) WMo B —BHY R 72 8 N AAF 9% (sub-
script notation) [1, #FE4H 2 MET, AAEHFE MM A E S, Flilvariable_name[1:3:5].
ERESE (M) A3EmERS, &#iH slice Yt
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special method ($#%kJ5:)
— R4 Python [ BTN () method, Ff ¥ RARRIERATHAEGES, FANHNE:. 57 method ()44
- 7E BHEE AN &5 e A Wi R R(E Spec1a1 method £ specialnames H1 5 #E4H[EJRH .

statement (A=)

B — M (suite, —ARAXMG [EHL]) P—EBor. BEAKT PUE—Mexpression (5T
X)), HESHBET (Fli01if. while B for) MEZREEEMZ —.
static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference ([F/Z)
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

Py_NewRef () pRaCA] A ES, BB 2R, @K, 76E B E2 BAE RS 6, WETE
#ZE2 M Fipn] py DECREF () R, DAREGENR—MF2 M.

FiEsEborrowed reference (2 M),

text encoding (3L FHHE)
Python )5 H3 2 Unicode 5% (code point) )79 (7L U+0000 — U+10FFFF 2 ). #
SRETE R, CAR LD (A G TAL .

ﬂ%#ﬁ]?jﬁ?ﬁﬂﬁc&fn%ﬂf?ﬁm FRE) [ 4t ), 10807 JC AL 51 8 B or % - B B AR ED [ AR5
(decoding)

A Z AR ST LSRG (codecs), “EMBESIREE [ 3074 1.

text file ()L%iﬁ%)
— A REE AT A st Y —{Rfile object (FEEYIF) . EH, SCFHEEREE FRFRITH
PG| ,‘%7]4{;", (byte-oriented datastream) [E)€r [ B g Mirext encoding (SCF4iE) . CFREEMBI T4
PASCEREE (e 8 'w') BHEARZE, sys.stdin, sys.stdout DA io.StringIo IEH.

B 2(Elbinary file (ZHERIREZE), B2 —HEEEEBRE A 2815 T4 & 1 (bytes-like object) g
ESY/ 1L

triple-quoted string (= 5| 3EEIEH)
H =R 595 () sG55 O EERA N — @5 MR T MEEA fALER 85| 555 T
g EIRE, EERFZIEA, B RAE K. BN AFET R 4 & A BKE) (unescaped)
(L SRR S 5%, 107 ELE MR TR 8 184 5T (continuation character) St W] AMS 2 AT, & i1 E
192 4w 55 (EJHA 7 5 R A 1

type (ZI[E])
—fi#l Python ¥ {4 Z[EIElE T & A ESE A EYARE —EAE. — Y ¢-rZLE v]
PAHER __class__ BHARLFH, A type (obj) KR,

type alias (FUEIFI%)
— BN ) 3w, B A B IS E 46— R EST (identifier) ST .

HIEFIE)4 i 42 [FI32 = (type hint) 84 . Bild:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

ATAR BGERE, SEEA AT

Color = tuple[int, int, int]

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

#2[E typing Fl PEP 484, F HIIRERIHREIA .
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type hint (%I([E$25)
—fannotation ([EVRE), EHGE—MHEE. —H class J& = — 1 ok =) 2 8k o] (1 T A E

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

43 A B class JB ME AR X OR & s ) MR ER R, AW A typing.
get_type_hints () RLEHL
#2[F typing fil PEP 484, 45 ML REMIHEAR

universal newlines (3#)JH[ET5C)
— e A SR (text stream) B9 720, DA A RO ERREE—F7 89 45 5 Unix 17 R 1E B
"\n'., Windows 1&%] '\r\n"' £ Macintosh &% '\r'. F52[[E PEP 278 #il PEP 3116, DAKH
it bytes.splitlines () BPFANIAE.

variable annotation (%%5(Ff%)
—{W 5, class B annotation ([EIFE) .

(EFE 58 By, class J@ PR, BRI IEIER :

class C:
field: 'annotation'
SEUEVEE P 32 = (ype hine): B0, S5 AR SCRUN @S ine (ASR) f
[count: int = 0 J

5 W EIRR I REVAAE annassign T2 A FEAR I R .

%%%function annotation (l%[it*%) . PEP 484 1 PEP 526, %A IIIRERHEIA . A DR A e A
BHETYE, Hi52[F annotations-howto.,

virtual environment ([FJHEERES)
— {4 VEFR #f (cooperatively isolated) (R TEIHE, HERE Python [ I 35 A1 FF2 A5 DAZE RN THA)
Python ¥§([EVEF, A € [ —(f &t LA T H A Python i HI A2 A TEIE A T4

Wtz venv,

virtual machine ([EJHEZS)
— B 5E 4z F RS T A 3R BRI (computer) ., Python [[EE& RS & 14Tt byrecode ({iTCALAS) Hsses
g A AL

Zen of Python (Python Z[F])
Python 1R I BRT B2 51 55, LRI B BRAR ARG A DL RE = . s 2nl A A BB Ui 7
JUEEIA [import this| ARKF|IE.
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (— & (E) Python [EIW]SCHF IR RS O SCPRIERERR ) 4B reStructured Text 45
TR R AR R i

Wil Python B B, ik H 1155 1 T EI SCARBLE AR BB BAT TR, AR ERI AR, #5572
reporting-bugs FUTHT, [ AH BRIl FAM i BBy B B A

et
e Fred L. Drake, Jr., Jflf Python SCPF T HAERYAITE # DA K — KM EIERIVES
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

% NFR I Python 13 M35 . Python 4223 p% 2 )& A1 Python [FIH] (4 B kil . Python B (E) R 4G i h
TAT M ERE R, # 7 Misc/ACKS .

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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appeENDIX C

i E IR

C.1 &icio

Python 2 1 7 B S22 0 5 AR R 2T 97 B (CWI, R https://www.cwinl/) [ Guido van Rossum & 1990
ERFHETAE, B 2/EE—EEE ABC SEE1E4E . [F)%8 Python 08 T &£ 3K B Hifth A EER,
Guido {32 H FEAEH .

1995 4E, Guido {r4E JE 5i M 25 WriE i B KA B iF 9T A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
fliAE Python fit) T4, EWEAREIEFE 7%l iy 2 AR A .

2000 4£ 7. H, Guido F1 Python #%.0» B % [#] ) 2% 2| BeOpen.com [E])i{,37. T BeOpen PythonLabs [# [ . [
4+ H , PythonLabs [ P53 Digital Creations (¥i[E] Zope Corporation; & https://www.zope.org/). 2001
4E, Python ##43L4-6r (PSF, K https://www.python.org/psf/) 37, g —{HEEHEA Python FHE %2
EHEIRENT A7 1) IR R 44K . Zope Corporation J& PSF f)—H & & &

Jir A7 B Python JRAKSZBHIRAY (A BB EFE, 2(E hups//opensource.org/) . M b, KEH{HAE4
By Python JAS, o2 GPLAHZAH; DAR FARAE 4 25 M A 1 22 [E.

BMRE BB Fn wEE GPL &% 7

09.0%F 12 A 1991-1995 CWI =
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com 75
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF w
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.12 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 7=
22 PAE 2.1.1 2001 £4 PSF 2

fiiE): GPL MALIAF R 21E GPL R #[El Python, A4 GPL, A1) Python FZHEHS AT DA 455 (1)
BRI, (AR B 5 o IR . GPL A2 B #2 HE(L 1S Python W] PA%S & A /E GPL R
SHE R EH B ERRERIARTT.
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IR 2SN T, £ Guido FRE NIATH, FfHE LA 1 B [ R(E AT A

C.2 FANREMHLIEMFGXER Python BHISHER

Python FCHFIEI SR RZAE 2 LR PSF 424 &4

% Python 3.8.6 B4R, [EIHASCH:rpagaifl, R BN HAWRE XA, 2908 FEIZHE (dual licensed) 7 PSF #%
WEA #1 VA K Zero-Clause BSD % #¢ .

A LEHAN A Python SRR BLA R R B0 S5 SEARRER G BB REZ LR — g . B RE 2
FHERI A SERETE L, 2 O T 3R 09 34 20

C.2.1 ¥ PYTHON 3.11.8 §Y PSF %&£

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.8 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 3.11.8 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—~Rights

Reserved" are retained in Python 3.11.8 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 3.11.8 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
3.11.8.

4. PSF is making Python 3.11.8 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.8
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.8, 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 3.11.8, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 4 PYTHON 2.0 ) BEOPEN.COM R &#

BEOPEN PYTHON BHIRFZRES 4055 1 I

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

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

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
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

(BT —1D
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granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 ¥ PYTHON 1.6.1 g CNRI iR &#

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
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

EET—3
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sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 & 1.2 gy CWI i1R{EEH

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

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

C.2.5 Fi* PYTHON 3.11.8 [FEAX 4+ FI#2 X 5y ZERO-CLAUSE BSD #%4#

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

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

C.2. ARFRHURMFXMERA Python BEHIIER
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C.3 #usr(F#kRany iR 8 MBI

AT A S R O Y R SR G B, B2 AE Python FEEICAS H P [Ei 55 =ik i .

C.3.1 Mersenne Twister

_random BAH S T LA hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html ] N
EZFIRE RS . AT 2R AR U Y 52 8 i -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

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 FEFE ¥ socket JR 7%

asynchat fll asyncore fAL & DA R AR :

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies HiZH L& DA AR :

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

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

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

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 #{TIEN

trace B W& DA
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode &E=

uu AL DA :

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
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 Eixf2FFueoy

xmlrpc.client PEAHALE DA FE:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

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 BLHIHfHY kqueue 714 & DA RN -

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

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

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

142 Appendix C. ;AEEZ#E



Python Tutorial, [ 3.11.8

C.3.10 SipHash24

Python/pyhash. c #§% 4% Marek Majkowski’ 5L i* Dan Bernstein f{] SipHash24 JE V5 EAE .
PAT R -

a3
@
o

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod H dtoa

Python/dtoa.c fEZEHEME T C [ dtoa Fl strtod B, FHFAME C 1) B B2 77 B ORI 7 5 HAH I,

S

FefiTA: H David M. Gay @7 [R5 , 1235 BIAE W] DA https://web.archive.org/web/20220517033456/http:

/Iwww.netlib.org/fp/dtoa.c N, #2009 4E 3 H 16 H kR 1R G648 2005 DA IR RE B 2 REAZE Y -

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

The author of this software is David M. Gay.

E

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E O

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

*
*
*
*
*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*
*
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt 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
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
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
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
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
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

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

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

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

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

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

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

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

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

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

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

C.3.14 libffi

BRARfE R E _ctypes PR EE] ——with-system-1ibffi, FHHIFZMTTE H—HES libfi JFAA1HS
B B AR AR

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.
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C.3.15 zlib

URAE R S BAR B 2lib A KR PABOR Ik R 2110 JE5E, ARz se g M — M EE 2ib [5G
AR R A 2

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

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 {#i Y 3EEIFE (hash table) F4E, J2DA cfuhash B2 ([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
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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

MdEfE 7 _decimal B4R EE] -—with-system—-1libmpdec, 7 A% B4 € H—H(El 2 libmpdec
PR X JBE 1 ) A A

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

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

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

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

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

C.3.18 W3C C14N B EH

test AP CI4N 2.0 HIFLEM (Lib/test/xmltestdata/cl14n-20/) 24 W3C #du} https:
/Iwww.w3.0org/TR/xml-c14n2-testcases/ #A52%, HEHR 3-clause BSD #Z#Eyt #(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.

(BT —H)
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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.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

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
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 2001-2023 Python Software Foundation {3 & —HJHEF] .

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .
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