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Python J&—7HE 5 £, IIREEIRIARSHE T . EA mARER S Y ORI G, A T AR vk B
Py Rkt . Python EIFERRRAMBI AT, &5a HERRHE, MERDEZ ML #8722
b BRI B 5 AR BEAR R
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FRMERR U, FRCHVRAS o B CBATRE, W, AT RURLE i (E]. 5341, Python EAER
WETRFZ A d H AR5 =5 Python B4, RS TH . PAREESNEIISCH:, A BUEIMEM ¥, WEH
A HREIRH B B4 T IO B G A

] C 8 C++ (BH AT C P REARR S ) , W DAMRA ST Python B RaREHr 01 BE ek =X X Bk
RE]. (AR, ST i B TR e AR CUR(E], Python 8 & /EE)H 4 52 H AL I #5 & (extension
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TR/ Python 3 7 B R SE A EAME S M ohag. BT ERLZ 4h. FEBRH Python E{Ras sy Fe
B, AT B AR . HURIUNRE, R T s X, WIERTA RO EA S s or ok

PR T fE Python AEUEY A FIBLAL A, 75 2(E) library-index., FF reference-index 1, 57 PAZLF] Python
EEEIFHRNESR. B C 8 C++ B HE: (extensions) %, 757 extending-index Al c-api-index
o AN, T _E A REHR B HE IR ALY Python BEE3E

BHEY, RMAGNHHEEMIIRE, H2, WAFTENHEE R Hoee. Bunftz, RMWE
DA HCHE /41 Python "R IRAE S — 3 AGARLET AR, B BT % Python 55 5 WA (A B RS . SCBUERAR, &
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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 B ##5— R Z4HEHE /usr/local /bin/python3. 9 B§f& K ; ¥ /usr/local/bin il A Unix shell
(I8 R EEAS, A LA T 4525k aT PAE)E) Python:

’python3.9

REE)E) Python' . [AIEIH A AEA H EL2 M8 et e, HoAbr) HE 24 T REY: S514 SRAEHA Python
AR HRFEHE. (Fn: /usr/local/python BEARM RIS B,

Windows 2%t H', 1 Microsoft Store Z2%£ Python 1%, #irl DA H python3.9 g4 T . WIHRZL4E T py.exe
launcher , W DAREH py fird. SHZEMIE): setting-envvars, | figHAh[EIE) Python 1) 755X,

T B RS A —1f end-of-file 7T ({£ Unix E[E] Control-D; ¥£ Windows F[F] Control-z) & {fif5
HAE AR HRIE] (zero exit status) BERH . WR_FARRIMEEEE R, BT ABIATES quit () BEPIEE
o

HiR R0 SRR A R 2, 7E3(#% GNU Readline pRAER R4 L5 BB, FLBUC. 18
SN, B PR ISR T5 A5 St EE): 7255 —{# Python /5% #l A Control-P,
R EHEEE, siFh L8 RHEZ 8 X 8 % 88408 & 2FR N 4R B ag bk s . a0 A1)
SEANEVAT B KB P, AU RIEIEAT S SR AE . MR SREHET backspace K FTHY
FTTo

LR MR ACIRE Unix shell: WSE: BP0 LG5 55—ty 958, & 5L MR 74
A5 QNPT Y R4 5 1 44 ()5 | el (6 A stdin AR REZS, B iE MR EEARE.

A E e R E python -c command [arg] ..., BT command B354 (1),
FFEn[E] shell (i) —c 3#IH, Python [{18 40045 %5 155 shell FI 28Rk I0, 85 8 A By 95
command FIFEHK.

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

WEPAT - HEARER:, AR G A B E ARG R A BB R T BRI S A 1.
Fr A 184 7] 1) 2 BORRHFRCAE using-on-general
!¢ Unix 1, Python 3.x B i2#5 TR AR G DA python {EEHATHIZAE, DABEGEEBIA (1) Python 2.x 474 4 FEfE 5% .



https://tiswww.case.edu/php/chet/readline/rltop.html

Python Tutorial, £(E] 3.9.8

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

$ python3.9

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

[GCC 4.8.2] on linux

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

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

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

Be careful not to fall off!

WA B EBRAMEA, 729X

2.2 HERHEECHIEER

2.2.1 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 NG, AL Y T S5 RAT (prompt, »> Fl...): QISRSTEAMEHG], VR HTERE
AR B, ST R T AEZ; ISR A BRGSO T2 ELRe e i . VEREFITE
HEHI, A DB A WSR R, RRATRL BRI T S HAEZ AT 45 AU AR
TEAFERWFF 2o+, MEGME s hmA, 7R SER. Python Hi)E# (comments)
hash #7C # BRLG— B BIRZATA R . ERTAERZATZ B SR, SN2 R BRG, (B e BT
H3SCAR (string literal) 2 W1, hash FIC7ETER SO Z HIRFARE]— hash 5250, I EIEE A 2 A REIN A
1A € Python M, FEARE HEBIRE A —E ZHA

— BRI -

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

3.1 i€ Python E{EftEEEHR
AT — LM LAY Python 154, DBV RIS — W IR >>> Bl (BRAFEAA)

3.1.1 g5 (Number)

g — S A FI A /R DAS A —{# expression (GEF), &% Hi%XA(EH. Expression f
FEVERME : BT+ - 2 M/ iR R 2 B ARREE S (Bl Pascal 5% C) ;5 FE9E O ATRAMH
HARE. Bl

>>> 2 + 2

4

>>> 50 - 5*%6

20

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

5.0

>>> 8 / 5 # division always returns a floating point number
1.6
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Rl (P2, 4. 20) [Hint 2988, BFA/NEESRGE (R 5.0. 1.6) () float ZUfE. FAHE
TEZ RIBE PR B 2 M B R 2L RE

Wi (/) sk o] f—1 float. QISR floor division [EIEZFHEBAR (RIKERTA /NIRRT ), ARAT
PAGEH] /7 ST RHEERBOT 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

1 Python H, FHAIERK (powers) A DAEF] ** fHH 1

>>> 5 ** 2 # 5 squared

25

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

SERAFER (=) FTA TS EVS OB IR 582 4%, 76 AR R AT ER G SUR AR 4528 -

>>> width = 20

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

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

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

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

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

>>> 4 * 3,75 - 1
14.0

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

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

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

3 {1 5 SR % e ) AL B L BB R S % I RSB (B & M - R T AR 11 80 7 L% AR ] 17 A
SR B TR SR O B i A AT A T

/47 int fl £loat, Python 34 T HAMYFAE, (07 Decimal il Fraction. Python JNEIEY
1B )8 (complex numbers), [EVfifi] § Fl J % B A EERAOEG (B 3+55).

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

10 Chapter 3. —{HJEIEX A9 Python &4}




Python Tutorial, £(E] 3.9.8

3.1.2 =& (String)

%T%%Z% Python t A DASRAE -5, THRIETHRA O . e U S e S 98 (... 1) B
LG 2, WEEEREIHEGE R A\ BHESBUR TR 5 5%

>>> 'spam eggs' # single quotes

'spam eggs'

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

"doesn't"

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

"doesn't"

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

'"Yes, " they said.'

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

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

1EH B Ee g T Eﬁ&ﬂﬁ%%'@%ﬁﬁlﬂ‘é@lﬁlﬁ%% R E R RORE () BEE). MEAE A e
AR AR AR (GRS 58T RE ), AR W R BRI —BoRE, S

L S SR EA E5 | 58, @ NESSRaETH. KX print O GEAESEWEL, EGER
il E 1%, [ H AR B BEr 7 ook o

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

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

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

"Isn't," they said.

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

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

Second line.

WERARAA B Iunl B\ s iRk 7 oekE , ATDAMCRE I raw string, AE25— GG 58RI L « -

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

ame

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

FERSUART DABS AT . Hoh— AR M = Mg 5% Lo E o MCHRFEA T S
HEMAFHBE S, 1E|’fETU\TI B\ A i A T . TMFE’JW?#J
print ("""\
Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

nn ")

gEAE TS GERSE—EEFEEE e ST BE )

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

FHA[ DA + 78 (concatenate), [FIH] * A FHAEIZ:

PRGHABRE S, RRRAFSRAT \n FERL (L) 0 (L) ISR AR AR . RTRES SRR 22, e G B SERy,
ANELBE  (ERZBREI ), AR .

3.1. {E Python E{E5tH#ER 1
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>>> # 3 times 'un', followed by 'ium'
>>> 3 * 'un' + '"ium'
'unununium’

I DA_EAHARE 76 SCAS (string literal, BIRES | SRR THR) B A Bk

>>> 'Py' 'thon'
'Python'’

WA B B AR AR R T ERIRE MO AR R (6 B By B R+ A 1 -

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

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

(EIE AR RS AR AR EG) 7 AR LR, 1 A A A el e e o

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

A

SyntaxError: invalid syntax

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

A

SyntaxError: invalid syntax

UnAR B A (R A e, R+

>>> prefix + 'thon'
'Python'

FERUILAYYE [55] indexed | (AR, Bl subscripted), 35— FIora5 HE 0. [EA #2378 7o AL
— 7T —R/NE 1T

>>> word = 'Python'

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

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

ROMET AR AR, BLRFSOAE A B aa s

>>> word[-1] # last character

lnl

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

>>> word[-6]

'Pl

HERBIAE -0 % FR 0, ARRTMEH -1 Bilf.

BT RGN, FENR [V slicing] o 5| FACE S BB AT, W) I n] DLGEAR & 3] 7 5
(substring) :

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

12 Chapter 3. —{HJEIEX A9 Python &4}
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PIH &5 (slice indices) AR & FHTHRRAE, & WGERERSERTEZE 0, W4 AR5 HRTER
B H B S AE slice H

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

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

lon'

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

HEIEMAGEWAE, MERAGENES . SR T s + s[i:] KEFH s

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

e (B (R BELRC AT slice S ANTEE AR 7. 4B slice E’Jf%%lfﬁ?a%?ﬁﬁZFﬁ, Horps — (7o 2l
B 05t J o ooy 7l iR — Ml F oo A LR A KT ME 2, B0

ot —————+
[Pyl t | h | ol n|
e i s e
0 1 2 3 4 5 6

-6 -5 -4 -3 -2 -1

ST AT B T 0.6 (LB 55 A TR T %3 AR . th i %) 9 slice @ T#
7 TR T

%ﬂF%%ﬁEﬁ??lﬁﬁﬁE, —Af slice R ELNHRIIMEZ 2, WRRSMEEEFZRERE. F,
word[1:3] HIRER 2.

B Rl —H KA 35 | {E s R

>>> 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, 7 SR ) R 5 | {ELAE slice Hh @ 2236 14 e P

>>> word[4:42]
lonl

>>> word[42:]
T

Python “FH3 ML N -~ T immutable, PRI, Bl Ep i A8 R T 8 B e (A St

>>> 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

WERARTTE A — BRI H AR ST — (T -

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

>>> word[:2] + 'py'
'"Pypy’

3.1. {E Python E{E5tH#ER 13
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[El e Len (O ME—HFH R R

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

W%

textseq FHijE sequence REIHiGI 2 —, [EZIZ BB I #AE.
string-methods “7H1 37 1% JF# 2 f E AR 11 method (5% )

f-strings 05 A AR Y FH SO

formatstrings [ /A5 str. format () FEMEEAL (string formatting) &7 .

old-string-formatting 7£°7 53 [F) & S8 T/ EHITKE, AR 80510 T AR LB, R MR
LT

3.1.3 List (&%)

Python MR CREEI A7 R AUE], HIARALARIF AU, 3 T iR bR iy RUEIE) list, WT ARSI — 35
PAIZ SR AR B (2T, Blitem), WEFESTRIRZH List (TULEL A R R AE7CE, (B
SETTR A A AR R

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

R Es (PA R HAREI Y sequence ZUE) , list ATRARERS R0 )1 (lice):

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

1

>>> squares|[—1]

25

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

F‘Tﬁﬂﬁﬁéﬁ’ﬁ%‘ﬁ@ﬁl%#@%ﬁ% list , AFEORMICE. BEEEENTEMYA EE T IEA list i) 3E[E
[F]:

>>> squares/|:]
[1, 4, 9, 16, 25]

List 3 S 413% 4 (concatenation) ZE#/E :

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

AEAFER R immutable, list Emutable BIF), Bk list fHEIZ 2 A RERY -

>>> 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]

PRALTTDATE list [ AR CE, Bl ] append () 7 i% (method) (FRAMAHE €7 5 5 £ )y 1 [E)
i)

14 Chapter 3. —{HJEIEX A9 Python &4}
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>>> cubes.append (216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

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

AT DAS slice JRMH, 15 AEMCEE List (U R/, EEEJRTHZS— {1 list:

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

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

>>> # replace some values

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

>>> letters

[‘a', 'b', 'c', 'nD', 'E', 'f', 'g'l

>>> # now remove them

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

>>> letters

[*a', 'b', '£', 'g']

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

>>> letters

[]

[l e Len () JRATDAAE FIAE list |

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

WA PARE L JE list (77 list 4087 Hifth list) , {540

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

>>> x = [a, n]

>>> x

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

[lal’ lbl, VCI]
>>> x[0][1]
'bl

3.2 MREXRETHIR#E

%, BRI A Python ZREEFR LY 2 i 2 SEIERRERY TAF. it FAMTar DAED 20 [ i) v BT 41 -

B

>>> # Fibonacci series:
# the sum of two elements defines the next
a, b =20, 1
>>> while a < 10:
print (a)
a, b =Db, atb

0 0w NN PO

3.2. MFEXRHYESE 15
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BT FIA T # 2R
o S ATHB T ZEME: S8 a B b [FRHSE] TRHOE 0 B 1o FEfRAR AT RIBRI I P T

I, RHL T AESRA AT TR ST (expression) @ EHENGT (evaluate), MR{EFFEEA: . AT X /2
BHWFBE -

while [FIREHZEGAEE (EM: a < 10), ME—HEENIT. 7 Python il CHEF,
EATAEZ A B EIE (rue); FEUR (false). BPFATLART R, list. FL2ZALMF A R(E; AL
FEBREMFAIEE, 2505 s) ER. A7 A0 2 0 i LY L. BRMERY Lo 3
(comparison operators) i i #l[] C 5 & —HRAIFFEE: < CUNR) . > (ORIR) . == (BFY). <= (Uit
)L >= ORASER) PAK 1= ORSER).

(ETREl ) 3 8 6y 4 HE - A HELE Python o JH SR BE— B BRUAS . e B RFF e, AR EAEE ()
R —FT—BHIREA tab B (M) =5 FOARMERR A HE. OB L, ARG SEAE SO Sl E R i LL
ERER A M A B B Thae. W —MEEBAX AT By XA, DTS
W2 I —A T A T AR (AR AT e K B A T ep i A E S oA i i iz —17) « R
TE— i i HE B A Ay =B R A R M — 2

print () EaCEIEEE G (1) BOE. AR CEHERME TRZmER (R 2knmE

SEpEEED) BN DA BEEI SR S | S RO E A T BV TR A S 88, [EEARRIA
HHEEmA—M=E, FIARIRA S, Blin:

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

PR T5 |9 end W] DA ASRE S B AN EV TR IS it o, s AR T 87 £ SRl 1

>>> 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,

16
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RN T fRR IR

B THEIA N4 while, Python HEATEHAAEEEF th MM HIEE, T — R —RRi .

4.1 if iR

SR ORISR 15 7. SOKE):

>>> 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

TEWA T ATARE SR H LM elif [FiR, H else FIREIREVLEN ., BT elif 12 [elseif ] [
Mixy, MR ZWAEHE. M if .. elif .. elif ... JPHIW A AREBAILAMFEATE S W switch
Y case PiAR,

4.2 for BRiAX

7 Python H1¥) for BUARA BRI AE C 5 Pascal HEgHE s, AHECR HAEEMR (iterate) — (4722 H
41 (4 Pascal), s T ¥ € FEEAS BRELA LR (41 C), Python [y for BUAKIEMATAT)TH (list
B TER) WICR, EFEEM R BAERF S PR . flan (e ) -

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

QS
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(R L —5)

cat 3
window 6
defenestrate 12

FEER—EEGIHRBEREZEANER, REEIGHENEIR. HEEBEAT, REREES
AR, SO — TR

# 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 () EHX

IR FEOR—EEIEE, SHE>R range O BREURR T . BEAIAE RS2 851

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

Sw N e O

RS RAEAGEA B BB AE Y P s range (10) AERGAY 10 (H8(E, RIS A= EE 10
#) 7 5 EV —EIE H AR5 1.t nl DA range 76 HABB(E BRAART 8L, SELEAFMNAZE (HEDE;
¥ g [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]

ORI RS ME, RATLAMERCHIN range O Ml len () QIF:

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

Mary
had

a
little
lamb

S w N e O

IR, TEZBIWIEE), i enumerate () WEUHEELE, FEREBET.
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AR E B — 1 range HI &t B AT R0 -

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

TERZEET, di range O WIEMYIERBGGRE M st (f5]) —k, HEEELEELIZ. E2—
(EFEEVA R REE B 2R 790 h BT A T H S 1, (BB @B IE RS ) r o000 list, PARIA 2.

A E k) (4 Eicerable (ATEVRYILE) 2RI REVEE) R 5 B M b n] DA— BB IR H 2 Bl i)
%o BMOKTHF for BUAM IR 2R, J3—MA{EH] iterable iR (HIH 2 sum () :

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

R Er 37T DA 3 58 22 [0 iterable F1{di ] iterable ()5 | #iiy R . 7E A4t RMasmEs
B 1ist () ROANES.

4.4 FB[FfY) break #1 continue FIRKX K else F4)

break PR, fF C 35, KIS ERHRERS for 5 while [E[E.

EABAS ST AS 4 — (i e1se 7). WM MBI iterable (£ for 1) seHEIE (£ while
) ISP AT (DB break BOERA IR TSI T e 7
T

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

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

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

O 00 ~J Oy U i W N« ¢« o o o« o o

(Egs, &R e, AT else THEIN for A, [EHE £ BAs.)

B else A FIREIENE, AR i PR, ETEE cry BOA i else A EFLL:
try BARA else FHIFEEIH B A5 (exception) Ri T, MEIRE else FHFEEH AT break 3§
AT, EEAHM try BARMBISMINEE, T2 ok,

continue BRI, JRREN CHEE, @AEEIEZ SN T FMEER:

>>> 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

QS

4.4. FIE[HY break 1 continue BRIRRX K else F4) 19
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(R L —5)

Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

4.5 pass BRiRz

pass PR MATATMEIME. &0 FAEREE DA 2 Bk A AR OR 35 B T B MR R e . 31
i

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

TEACH TR AL M LAY class (FHED) -

>>> class MyEmptyClass:
pass

pass JNA]VEE-—{ o sl £ 0 i 4 R B 08, (e VRIS R T P RS IR R PR S 5 1) S
JER. pass @ EILYZNE:

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

4.6 FFEFH (function)

FA T DA S ok A AR 2 s B — i

>>> def fib(n): # write Fibonaccl 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 NMAH—MRAR T £ EZRUAEZEZ R ERIFRZ TR —h28. AT 47
&, A AR A OR ERZ R

— A B 2R B B A 2] DA — M R SO R SRR R E R bR U [T SR e, Bl doc-
string, (BAJR docstring [ 40 i w5 22 WIEIPA ST 5 % (Documentation Strings)Bx¥%. ) 446 T. 2 AT PA{E
docstring 3¢ F{ B [EJA: [F) b ok v £ B0 S, ol Al 2 e DAL B 0 5 e SR A5 Ve Sok . e IR IR
HiNA docstring 2R EFEG], MERZEBEE R EE .

BRI X AT IRy J ST — (BT A 95 3 (symbol table) < 77-3% bR X EI A [ 38k 5 8 (local variable) . S0KS ffEhlE],
JIT A A bR 2B ) S MR (PR 4 R AR B AT — (W A 95 26 . SR, 75 | — M s e, & SR AT

e BRI, HK(ESNE s e e, HOk(E A7 953 (global symbol table), #f% [E1fT A [El
4R, L, e, Slss s L oM ok SR T DARES |, (Rpli B (e (BRaE4ikag
WIEAE global Bkl ge s, SNE MU 37E nonlocal IR P ESR).

20 Chapter 4. AT MHEEH
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FE—fH R A R, BRI 28 (5100 SP0mA = m A Bk, Wik, 5I8mA
(¥75 SEMRALF ] (call by value) (E[EVEEIIELKE & — A1) 5 1 (reference), A ZZYFFIIE) .
{7 2 (T R X EGIR EIRF I  F CIRF, e i o o e e 7 — (R P I A A 5 2

BRAE SR, RS IMAZE AR, mS MR A - RE, B
% B e (user-defined function). RZE T DARHR & 4R N 52 4%, RERZ S8 B T AR A iR X0
R AR E R a4 0y

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

IR R AR B EWFEE S, IRPTREARRE £10 2, M2 fF2)7 (procedure), PHIEIE EIEIA [l (AH.
P L, BIRE—E e Uk —fH return BOARX, TING M E R E . 50 EREE None (B2
—(AEEA ) . TR BB T None B, AW AEPHUR. IRATAEH print () 2REFE:

>>> fib (0)
>>> print (£ib(0))
None

SR By — 3 o 2 R S List AR A, BURAS:

>>> 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 ="D0b, atb
return result

>>> f100 = f£ib2 (100) # call it
>>> £100 # write the result
o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

TE BT — BN 8 T — LRy Python ik :

* return BORK G R X A {E. BBEH return RAMNI—RIER AL | Sk ol 4
None, —f B=CEIATEI A R AR & [l None.,

e result.append (a) BIRIFIEN T —1@ list P4 result {4 method (7 %) . method [ & i
—(EY R, SAHAIE obj.methodname, Ht oby EREMEYM (JRATE—EFX),
methodname [EJ3% method (475, [EfRaZdAmBEN ESR. AREEEFEA A method, N
] BU[E(¥ method W] DAHEA —Hk I 44 A5 N €78 Python JR¥G. (MRATDAREH class (BHE)) E&AC
{9 4 ZUETFN method, FClass (#[E]) ) #ifil () append () method &7 list Y4 B &1E
% list R B IMA— BT E . EMEGTFERR result = result + [a], [HEARE.

VR I, AR nke$ (call by object reference) WENETT RERIEIAN Y] HIE), 5 EENGE I8 FT B4 PERE, WEIU AT 1S AT &
ML AT (BN A list ErBiEE ) .

4.6. F&FHI (function) 21
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4.7 FANTHREXER
5 BN 117 B Cargument) B REFTSEA . A6 = BRAT DALY B 0T

4.7.1 HESI8E

(] =k 2211 5 | ofs e TR AR R A . RN &, v DA b e SR s /D i 5 | BORe nl 5% e X
4n:

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)
if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False
retries = retries - 1

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

5% PRI DA DA #8787 X glngny -
o NG| 8. ask_ok ('Do you really want to quit?')
o (RIS #: ask_ok ('OK to overwrite the file?', 2)

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

BEBI A TR in, FRERURS b A & R
HRMEAERAERE T, A & BRI RS, BreA:

i =25

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

i=6
£0

A 5.

FREES S ORME R WEBEE T, A0 list, dictionary (FHt) sl 2 MHIEIEE HIF
FEAEARRERER . B, DN &R R I IRy SR A BRI 5

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

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

A e

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

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

22 Chapter 4. AT fEfRE=EH
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def f (a, L=None):
if L is None:
L =11
L.append(a)
return L

4.7.2 FARFSI®
PR AT A 42 5 51 #, DA kwarg=value HTEAIFN] . 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—=fi# 5| 8L (state, action, fl type). Rz Al I FIUE—J7
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
parrot ('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword

(HRATT b 75 R e

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

PR UL IR, B 68 75 |8 (keyword argument) W0 ZE7E (v 5 | B (positional argument) {1 . JIT 810 () )
5| AR ZH VT RE — {0 v 9 R X 2 15 |8 (actor A& parrot MPIARG B , BT 5] 8w
JEFPEIANEE, A aFELEE#, (parrot (voltage=1000) WARL) . — 5[ #OAR AT 2 Ui
B, TR R R il 1 485 451 7 -

>>> 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'

B2 HE < *name EAKE, EHI—{M dictionary (78, ¥R typesmapping), #% P& A
W EE X2 HOAMIBE TS 8. **name TJDABE *name 28 (F—/MiiNT4H) #AA&HH, *name #
W—Almple, % tuple 55— S BUAMMAMES [#L (*name WM BIAE **name FiT) . FlU0, 25K M
EFE AR K

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])

4.7. RNTREXTEE 23
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AT AR AR B -

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

o AR AN

—-— 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

TERL, BRI | Sy i £ M B ] g IR AR B A NE e e s — 2

4.7.3 BHEE

FETRENGE], 5| ORE DAL sl WY e DA B 6 7 (8 45 Python pR. (E) T ARG T RETIE BO8AE , BRI S 1 9
W EE T 0SB, sk, PEEE AR AERRAER, e = H 2% 0E, A EEE Y, 2
e 0 B P

PR 3UE FE T RE MDA T R

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

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

/A SRR . LU B, R RS MR R KU S R (BRI R
T BT . BST 2 H REI 4 2 8 (named parameters) .

(B RIS | 8 (Positional-or-Keyword Arguments)

AR CGEFRPORBENT /A~ R, 5O A (o7 ] o A A i

{EPR{IE 28 (Positional-Only Parameters)

W BE PR —SE e, R ST MR EME R E . ASHEERE B, BMRIEFRELZ, HiE
SESUORNRE T B R . (RO B2 M TE / (RHE)) 2. / FVRTE SR b4 B (3 PR AL S 2
B AR R ERPES /, WREG SR E S

/ BRSO AR B KM 55 BUE R M 42 F S 8L

Py Chapter 4. FAT RS
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{ZPRFA# 55|28 (Keyword-Only Arguments)

FHEZ WA EME R M 58 T, KIS B AR 75 | R, e [ R P SR — R IR M 58 5 2
Gl

R EH
A A A e E SRR, TR /M - RTER:

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

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

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

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

MK EF standard_arg RRMBATIIER, BTy XEAEATRRE, A7 DARE (7 2ol B g
TEET |

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

5 AR pos_only_arg WRUESRTA /, HNILEREEHN A ESH:

>>> pos_only_arg(l)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):

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

Bl R kwd_only_args BRzUESRER * FIHEREHE T 5%

>>> 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 e AAE ] —H s A S, i T A =y 2

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

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

Q)
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(R L —5)

>>> 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'

e, WEEMEAEE, W *rkuds [ name HEE, THESERIE S| M name (A FI7EME:

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

W2 R AN T RER True, WEB#T 'name' JKig @A TEAH—MS M. Hln:

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

B/ (EERAES W) 42, SATAT . RsUESRE FLaF name FARGES L, M 'name ' ] DL
ik SEeelE  GRibE X

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

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

[EVIRRE], (ERRAL B2 M A R ALE **kwds R, MIAEILEBSE.

[E1EA
0 091 AR 8 22 T DA % e X 9 -

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

(I -

o WERAHEG AN SR, SHERAIE . 32 WA REA TR aeny, A A s
ARk I A HES N, 55 IR 1) (o 2 O R B iy, s Al U

s W2UATAER, DVIRENL R #RUE SR E S B, SO IR A B 2 MO | S (R ey
A OLELE, A 1 R B

o BRI (AP, (EHERRAIE, PART LRSS R R8s oiRr i A APT i Hh B A T
4.7.4 {EE5|81%51% (Arbitrary Argument Lists)

AR, A REAH BRI, ZHE R Ry, T AGE AT Mo 5 3. S5 [ i g i —
fiil tuple (7 5 Tuples 4=/7- 7\ (Sequences)) . TEPTSEHETI1 B2 HI, WTREA T B2 (L 5 |

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

W, E4 variadic (WEARY) 5I80E M BIE 2O ERHRA S, EHE T DAME T ik e X
AT A R B A R BIE *args 2MRTIER S MR THEREET ] 518, BREMmA
REMEEIR 5 18, AR VR AL E S 3.
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>>> def concat (*args, sep="/"):
return sep.join (args)

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

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

4.7.5 FEES|8%IR (Unpacking Argument Lists)

W | B 2 ARAAE— 1 list 5 tuple (B, {RE) 73 2 — (8 75 2B [V 5 | ot sk X, i 25 e P ey
THEEREG A . B, @ range O p&sERAS B start Rl stop 5190 W02RTE 265 | O 243 B,
RSAERF I e X, )~ S35 THES S 0E list 51 tuple HRAfFRAfRHE 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]

[ bicHL, dictionary () WTRAM ** B MHE B 8 55 | 4

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

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

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

4.7.6 Lambda Z&EX

lambda ST AR BN/ NSES K. lambda a, b: a+b =GR IS #U¥ M. Lambda pFal
Al MEA F5 R By . EREE L, MR e ReE e E R, FREE L, el —ERE
1 bR 20 FR A REVEME (syntactic sugar). EEELR R UE FE— 4K, lambda pf =] DAL & B VR 5]
S

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

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

42

>>> f (1)

43

LTG5 ) lambda SR RME T — 8 K30 55 SN VA @ R — R/ R U1 [

>>> 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')]

4.7. RNTREXTEE 27




Python Tutorial, £(E] 3.9.8

4.7.7 X {45 & (Documentation Strings)

PATF 72 B A R SBR[ A R i

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

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

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

JCRERAEE

R 2 A TEI T Y — (A -

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

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

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

No, really, it doesn't do anything.

4.7.8 FHX (/38 (Function Annotations)

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

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

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

>>> f('spam')

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

'spam and eggs'
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4.8 [iZ=dh: =B A (Coding Style)

BACARRII 2R 4= . S EIRERY Python 25X, JRpRGTa— T % 451k AT o REUGE S AR A 19 ¢
ABER (SR HELE), s Xw), ma L rksC A s BT, A AR E S R X
M7k a2 — MG 205, Tl 4 IR A i A e 23 A R K P B B

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

o U A AHE, AEH tab B

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

o 7, AR 79 5.
ﬁ‘ﬁ‘%%ﬁﬂ%d\%ﬁﬂ‘%&ﬂ’]@ﬁi%ﬁ@lm, AT DATEBK T o EHE ) 2 (A U A 2
o HZ TR class (EED) , K ok RE IR A FE RS .
. ﬁn%TU\, HEE R 1T
o fHEHTE.
s HETHIR. EREREMNEE, (AEEEMEREEMN: a = £(1, 2) + g(3, 4).

* Class FlpR W 24 b 250 18, 4 class A} UpperCamelCase (BElEXI/NE), @i
PR HE method | lowercase_with_underscores (/NENKE)). k& self YEE method 45
—{H5 | %4 FE (B class #l method, #4717, class).

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

. I_H‘%ﬂﬁ N [l o 0 A (e A RS 4 T RE M BT HA, AN A i 44 IR Tl ASCIL 57

4.8. &= : 12X EE (Coding Style) 29
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CHAPTER D

EREE

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

51 E—LTHE List (831)

List (8p51)) B ERAE, BAEZHRIERN . TS TG R list 9 £F) method:

list.append (x)
AF— MR BT E N E] list i R, SFFR allen(a) ] = [x],

list.extend (iterable)

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

list.insert (i, x)
HE—EIE H A AR list P ERNE . 5 [ #EHE AR R TR RSIME, FrPAa.insert (0,
x) EAHALE list 5\, M a.insert (len(a), x) HIFHER a.append (x) .

list.remove (Xx)

(EI List oo — R EAE x (9IC3 . # list PRILCR N @8 valueError,

list.pop ([i])
FoRR List a2 ERIEE , EREEE. GREHREMNE, a.pop () MG list P EREE
EE e, (F i JHEN IR EE RSN, ERREREZE O EWmA T FE5. R
& H7E Python pR B 2% 88 R RIE PR )

list.clear ()

[EIf: list FRTHIEH . BN del al:],

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

] {5 List P — MR B SF 7 x I H 2 RGIME (BRI RT) o # list PRI E, IS

ValueError $3%.

51 % start Rl end (17 FIRAE slice FnikiAllA], 1% 5B/ 00E Wi 85 | R ELE list HAFER T
B HEEENR, BIEERTMER R list BIBREEBAMRIAL, AL start BRIATE .

list.count (x)

[l {5 x 7 List A iy HH B A UK B

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

6 ist PRI EHDT . (FTREHB I BOREF TR B ET, #52% sorted () T4 MIRRE)
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list.reverse ()

st Yist R I H TR IE) Y S AR

list.copy ()
(] {8 BEEE] (shallow copy) fr list. SF[EA al:].

PATR S — R 61 2 7 2 list P17 ik 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 a position 4

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

'pear’

PRATREE R H]— 260k, B2 insert. remove (¥ /2 sort, [EIEMTEIHMIE(E, L, Al
PTHELH None' . &2 JI Y Python H BT ny 8 EORHAE MY Rty o

FHMETTREWR B, AR PTA SRR ABHERF B . B, [None, 'hello', 10] miAHIHE
7, PIERMOAN GBS R LU, 1T None ASBREEH A ZUEI e . A7 Se B EURASHREVG #i e Fetitt 2 ik
ANIEFF, BN, 3+43 < 5+73 iR MR .

5.1.1 §% List {g[F) Stack (i#[F]) {EH

List fy #8107 45 (A5 & A3 il BE AT DA ACEEAE stack (ME(ED) o Stack [El—{R2E5F fef i A TG S5 Fe gl o]
(FHESEH, last-in, first-out™) BLHII RS . PRI DAGE I J7 ¥k append () i — 181 JE H 8 EE Y T
J& o MR T pop O HAARERT A LIS HEE R B E . $40m 5

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

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

>>> stack.pop ()

>>> stack
[3, 4]

UMb 7 T DA ] (S48 B AR (), SB MK AL RT method FRHE, 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]

HEESAE (RER) —mEs <, HERRSTREIRLE. RO UEREA:F 75 5 m A
JRATA side effects (FIFEH]) :

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

i B AR S Y -

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

T B R 5

—{# list comprehension FALAL, E7E—¥ HHEHEE], A expression (GEH ). —ff for Fh).
BB M LM for 8 1f FA). SR MHn list, FIEZERER for Ml if FAIFEET, ¥l
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]
(1, 3y, (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 !=vy:
combs.append ( (x, y))

(T IHED
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(e )

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

TER for A1 i £ 5T W BARA BN IE T 2 AHIF Y .
A2 expression s —1 tuple (BIAN_ETE BT HE (x, v) ), EMHMN EFER:

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

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

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

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

List comprehensions 7] DA 45 [F)3 1) expression Fl 5L R AT R -

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

5.1.4 H}XAY List Comprehensions

1 list comprehesion B TERY expression 1] DA AT FEZ A expression, 4% -5 —1/ list comprehension,
F GV Fon 3x4 FER#G], M list (257 3 (MR AEE 4 /) list

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

A" Tist comprehesion i 646 B 750157 e -

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

AR b — i SR, LR list comprehension EKIRAZ IR for FRECHORME, BrAE 6113k
SFHA:

34 Chapter 5. &F§l#Eig




Python Tutorial, £(E] 3.9.8

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

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

111 B AE — B ) -

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

>>> transposed
tts, s, 91, (2, 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 )+
Ho, B zip O UG ER A ROE:

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

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

5.2 del BRiAR

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

>>> 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

L]

del L A] A ARIEb e i 5 8

>>> del a

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

5.2. del BiRZ 35
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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=1%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:

.ovo= ([1, 2, 31, [3, 2, 11)
>>> 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',)

BoAst = 12345, 54321, 'hello!' 21 mple packing {IFil¥-: 12345, 54321 fl 'hello!"
—ERE: tple [El. 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', 'apple'}

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

True

>>> 'crabgrass' in basket

False

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

>>>

a = set ('abracadabra')
>>> b = set('alacazam')
>>> 3 # unique letters in a
{'a r 'b! l¢] da'}
>>> a - b # letters in a but not in b
{'r', 'd', 'b'}
>>> a | b # letters in a or b or both
{Va', Vc', ’rV, ’dV, lb’, lm’, 'Z', lll}
>>> a & b # letters in both a and b
_{'al lcl}
>>> g ~ b # letters in a or b but not both

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

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

5.5 =8 (Dictionary)

N 1 ) Python [FIg & RHAL(E dictionary (752% typesmapping) . Dictionary 45 Wi FEE] [ B T
8 | (associative memories) ¥ [ BHIH[H% | (associative arrays), AN 751 & Hhy — 18 & [ [E)1) B 1 %
5], dictionary y& 14 (key) RHERT], SV PSRN RTS8 (KRR, FERAIBEEA T DA VEdE . Tuple th
AT PAEAESE, anS A RS A SR #E el tuple; A —{W tuple FLER Sk M EEHL S AR MV WY, E
N REE G . VREEVE AT A list 5 16 list AT PAKE FH & 5[ 45Uk (index assignment), ] 5k (slice
assignment) 5 214 append () Fl extend () % method H{1&EK .

HB% dictionary fie i (177 FOR L B AESE — AL 1A (key: value pair) [ set, HrH#A7E[R]—{H dictionary
W — I o — B RAF BT AT A 25 AY dictionary: {3 3 bR 0 B A SR 3 B R
FEGEH AT AL 7 M ) A ) . 0 ) Bt S R A

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

& W5 F—11 dictionary ) fit] B & {31 :
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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', 'jack']

>>> '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}

IAb, dict comprehensions 8, 7] DAIZ 18 AT 72 i B Ad 38 52 2 S A ¢ dictionary ¢

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

W B TR R BT B 5 | 8 (keyword arguments) A7 IRF @ (ViR -

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

5.6 [F/E#I5

¥} dictionary fEEIREIRE , 4 DA H S IERGE T DARE R BT items () method 2C[] RS IS

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

gallahad the pure
robin the brave

WP IIEERE R, (EZRT) S HEEE T AR enumerate () pURIREHS :

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

0 tic

1 tac

2 toe

A A DA_E R PRI, AT AR ARG O SR zip () iR

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

QS
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print ('What is your ? It is .'.format (g, a))

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

T FPIE R ERE, EeR I IEm RS, HEHMA reversed () M

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

= w 0 J w0 -

BN E)FIIEHT , (] sorted () RsCEE B — B ASHEF @AY list | (EAEr s A Y 751

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

EFESHH set () WTEBREEDCE. BFEHHH sorted () Sk set (), HIEZ¥&BHTFRIEEE
TR K EIRE 4 ik

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

orange
pear

A7 RF A AR DAL Ao s ) — {1 list, (ELR, SE AN (EB Y list € S B .22 4

>>> 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 A EEEAAE ML) R—MFIH . HE T is fnot is KW
TE A e A R A IR 11 45 5 BEAAH 1] HAR R B e 3T

HBGEFE W DA A8 . B, a < b == c Pt a ZE/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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=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
g%, 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 =Db, atb
print ()

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

BAEHEA Python BRI AT 454 import J& A4 :

>>> import fibo

BERGH fibo PR R4 EEWAE MR E D B HE8A fibo WAL, A
B4, AT AFEICRR X

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

Q)

43
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(R L —5)

>>> fibo.fib2 (100)

(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]
>>> fibo._ name_

'fibo'

UR BT IR G AP AR R 2, T DA HA G 28 e 0

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

6.1 FRANTRHR

BT AL AT BRSO DA SR A e 5. E e BOAURMEEBH I L, EM R GE% — k9
import K A4 € AT, (AR EARAT, tEaHiTer).

TABAAE B C R AR, B E 0y ok X e s AL AL A AR B IR A AT BRI -
PR, ASSARL Y T DATEARREAEL Fp (o ) ot B, T A A0 988 R 25 ) 2 T 58 B A T D) 44 AT 5%
J3 5, ARARHGE B CAEMCHE, AT DA E (7 BT R A Al sd e, DARIS T R X BRI 5

7%, modname.itemname,

FE— S AT A import HAWMA . JEFTH R import BOAKMAERA (g KD, EAdR—Hk)
(i BB R EHE ), (REIEAT W 4k import (1 A5EAH 24 R AR JE RS AL A3 A 9

import BOAIUH 7 L RIL, WA E G2 M (E AR import (AL, E 1% import 2 JFBLALAYFTHER
SRR

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

i import Z R ARG, (HE 385% s U B M BAL 2 AR EDR Syl | A B AF o (I, w
Bl fibo RBESE).

WA MBI R, WA import AFIAH i F8I1 T A 44 7

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

S ET @ import AL A IO HR, BT UUIRE (L) BISRAR. KEHWE T, Python fit ik
ﬁﬁxk@mﬁ@m%,ﬁﬂ@@ﬁ%ﬁ¢mAT~@$ﬂ%zﬁ,Eaﬂ%%%T%%@a@%%m
F%.

SVER, MR RN S (A s A import * HOREYE, PRIEVES i A 28 SOAT S P e 25 L 5T
B2 R B & AT D P B TR, L FT DA 2.

WA AR I M B as, HI as Z AR RIS ELEAI B import AAHAREAE

>>> import fibo as fib
>>> fib.fib (500)
0112358 13 21 34 55 89 144 233 377

iE il import 73Ul import fibo PR LR2—HEiY, ME—m2EER BIAEE A £1b MIHBAL.
AEME ] £ rom Rt AT DA IR BRAY 7 SRS RAROCR |

VR R, RAUERMBR THEAT] 0 TRGR L e TR R Y R SRR, S A R A R AR AR IR R
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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
4, EUJA\/EEIE%%% i, R R AR e B N AL, FTDAGEH 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>

anfEl i A import $84>, ARALHFEER M S T, H _name_ @EX(EI"__main_ ", j
AERLAH A A AN DA Al -

i
2l
=
S
[
&

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

%T%%ﬁ%ﬁﬂﬂﬁ@ﬁ%ﬂ%%ﬂﬁmmm%ﬁm,ﬁﬂﬂﬁmM®ﬁéﬂ%ﬁﬁ%R@E§ﬁ@
e [ HEERE, e

$ python fibo.py 50
0112 358 13 21 34

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

>>> import fibo
>>>

a_lﬁﬁ) 2 M ARESE SR B (A s R E 1 AT IIRCE PRy, AEIA R 84T
|

o

6.1.2 {RIEMBFIEE

Import —{H A [E) spam MR, M H e GRS AAEA M EREA, GURLAT], BTG
W sys.path iR EERGE 2, B —AE spam. py AR, sys.path fEELE(E B
AEA TR :

o B BB ERT RIS (ANRAE SRR, HIRHE g Ri) .
* PYTHONPATH (—j#iHiFl shell 858 PATH H5EVEAH R &R 4470 ) .
o HLZAEAHBIMTERE (FREGI GRS site-packages B, BEH site HAANEH).

M) FESCRATIRHAT (symlink) AR RS H, W AR R IrE RO TR BT 94 2 12 A it
. EFZ, WaRFRmAT i ekl e EIEA R E BT R A

bz 4%, Python FesUAI MBI sys . pathe AT HEIAR Y BT7E BB e @ 7E 18 SRR A B ER, 7EARIE
PRI AL 2 1. B AR BRI P EIA GBI, A2 R 2 ORI AR R A AR AL B
A EEBeE B E, SHER M. W2 R a DR E 2 .
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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
moduuLe . version. pyc. IE] version S5 AN 4455 1144 WIS 45 Python HO A
5. 4N, #F CPython 3.3 41, spam.py [ 4 22 i A 9 & #¢£F) __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 M8 JF IR S ARG O H I, A e A & Sl M FR ZEE fr dhiis . B — e B EmiEt.
FiAN, G E AL AT G, BN F 2R RS VESE R 2 B o] DA 1) — R XL
Python 7E W5 [E] N AR R (cache). BT, ‘B4R B0 4 i ELAS AT ELIEAE i & F A R AL G 45
o B, WREGE A, AONEaa P, SR ARIARAL ((E4E) AOETH, SR mABal |
o E R gk e, B R REA R4
MR R
* WDAFE Python #§4 I fff FHl B B 2 #( (switch) -0 5§ —00 AK[EVNE Ss il ) K. BIBIZ 8 -0
% assert (Br=) A=, 1M —00 |6 EHEI: assert AR AN __doc_ FH . At G e ] feik A
i FRE LEEIAE, R A R A A CAEMUTEIRE, A EME A b2 8. e84k ] B4la opt-
R, HAFEs/N. RAH AT R uos @b ROER .
o FHL .pyc MEERE, XA THEEEAN G I oy RN, M B S B
o 154 compileall A]PAEIERIAE H ) iir A A4 A 7 pyc 45
- WL, DEERERE, WS %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:

>>> 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
>>> gys.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)

['"__Dbreakpointhook__"', '__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', 'version', 'version_info',
'warnoptions']

EE 45180, dir O S HETE €54

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

AEE, ESIMPrA B AAG: a. B. RiasE.
dir () AEF)BEERAFE B S, GRAREZIIL e, M0 FERER builtins [

>>> 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__"',

(FOAkED)
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'__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',6K '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)

B TR TR 2 R 418K Python Biflldr g =S IR k. BN, BUHAHE A B RREM A
A E) B TR, IE QARG S, R IRASTAH I A AN TG O LA AR ) S ol e A B ), B0
PR A R (T, R () NumPy 5 Pillow) FOFEZMAZE S DA CHIO BT A .

B IR A Rt — M Al e — PR P VR 3 M &l il S (T & 0F)) . IEE R S A W2 AR R 1A%
X CEF VAT MBI A Kk, fln: .wav, .aiff, .au), Kk, BT RFEEEKRZ BT,
VR T B At R B RGBS A . [T 202 U5 BRI FF 2 A RS (B, &R
B HmmE, B EARTIRE. Al A TSR0, R — RS L SRR T IE A
PATRRARBIE AT BRI 2 (ARSI AR 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 €137 sys.path [EWHE, SHRE4AMWTHE.

HEHSBHESH __init__.py 5, A @ Pyhon FBUENE; BT DAL —LEVAR A M4 (G40
string) fHIE, M5 B 5 R L BRI SRS P G R . TEm B (E), __init .
py AIAR R — A= A% BE R AT IR U, BGkE 211 8%, ZREs

N

&

BRI AT AR+ import EERAL, 140

’import sound.effects.echo
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B T FA4] sound.effects.echo. 5K EMENES:

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

73— import T A2

’from sound.effects import echo

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

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

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

’from sound.effects.echo import echofilter

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

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

AR, i from package import itemlf, item WDUREMFH TR (BTEM), WAILARE
e S 2R, B2, class (BHE) S8 8. import BUAR LI E M A A & 33 item;;
WARE, Aerfare b, EEEA. MR RRAE item, HI €718 InportError 4,

ML, ] import item.subitem.subsubitem #EVER:, G THRE—HZIN, H—IHHUERE
s Fefg—IEW] DU EEM, EARER —IH T E R class. pRCEEE B

6.4.1 #EHd import *

WHNHER T from sound.effects import * I, @#/EfHEGr? MAREET, HMT0aeam B
Mg REERS, SWEPAERN TR, Tl import. EEALBBRMEFRN, H import 1
BRI AE AT RE & A A LB RIE S LEREE I A e MR import TSRNG4 & kAL

ME— R B EEEE R MM RG] import BRIAX M A A NIEG: WRENH
_ init_ .py BERXEHEHR —MAE __all_ [#list, #i8F] from package import * [HIEHE, B
S 2 EYY import [BHA R . B ECFBIRAKE, BER W HATEE 27 BRI list, QIEREAE
HREEA NG/ AR import *, At W] AE G EE A IR & M list. 22BI2K[E], sound/effects/
__init_ .py BRSNS

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

T

=/, from sound.effects import * € import sound B, B =HEHL 4 M) FAE4H.

N a1l [FIE#ESE, from sound.effects import * AR [FIR €I sound.effects &
T FAHAR import EERIN M4 S H B R sound. effects BG4 import (1] {E & T
__init_ .py PRI AERCES ), SA1% import BRI E R ETARE. BAE _init_ .py TF
(%ﬁﬁ?%f@jﬁé\%?ﬁ%ﬁ) AR 2R B M2 B8 import BRI BHMER A ME T4 .
it A ARG :

C

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

WElH, & from. . .import BUAIUHEITIE, echo Fll surround AP import i ¥ i ¥ dy 24 25 ],
HEEMZTE sound. effects BIFEERM. (B _all  HHEHRR, EHHTAERL.)

BESR, SRR A BEEE, SRR import * RE, RZARAH N e R e a4 R, HAEIES
P21 (production) [HFE S FFE AR ENE A K E1E .

FE, il from package import specific_submodule NEHEME! HIE L, &2MEH
¥, AR import AORRAH 75 L ) A TR AN HALE ) TR R 44 .
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6.4.2 E#I5IH

HEENSHEZM T EMNAER (RGP sound B4:), WPAMEH [E# (absolute) import |,
S HE AP T4 . B, B9 sound. filters.vocoder B F (i ] sound.effects H11
echo #E4HI:, WPAM] from sound.effects import echo,

PATATPAA] from module import name [ import AT, 4% [AH% (relative) import], = £% import
i A 98 8 A 5 import HR A E RIEAFITEEM:. Bil4n, 7E surround BT, JRATDAfIA -

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

FEVERE, A import [{E M DA H RTOBALA IR . I REAM A A iGERE "__main__", JTPA
QSR — A BTAL Y BT AF Python i FIARA ) AL, & K& (8 [E)# import.

6.4.3 ZHIIRMEH

B SR—RREYE __path__. BAEMIRMER M list, W3 EMFm __init . py HEIE
W HES A, IR IR R LEE (AR R R N IS BT 2 1. B A T DARIE B, (FLE A 5 2l
A BRI BRI T B

HESRE R (N R BHR 2, (HE T IS B P B g

I3
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i N\ K

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

71 FEENEHEN

H A [E] - B M 48 5 Wi R B (A 2 38 L X RAR (expression statements) 8 print () K. (58 =)
Vo AEEYTR weite O 5K AHEEIDAEER ML sys. stdout KL%EEEI’J REATIY B 2
2 3 e bR = U EDHA . )

T A/ R Sy A U T M, AN 2D B DA AR R BRI . PATE A2 A A Ak Y
o
. %ﬁ@iﬂﬂ 1 XALF B K (formatted string literals), T5AE 75 BRARHTAS | SESGE 8 =05 9581 M_L £ 5
o WA LATEB M TP { 81} 3k Python (BRI, 5| H s Sial HAth - 1fi{E (literal values).

>>> year = 2016

>>> event = 'Referendum'

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

* FHY str. format () method FRE WL P EIRNE, IREZFTLAM ( M} BRI B A
Hul g Prefliis g <, (BRI HIRIERAR AL Eal.

>>> 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 Ff%, MR DAE O FEH YA (slicing) FTHE 4% (concatenation) #:4E, SE BUITA W75 &R, EAT
fARBEARBR I HEU 2. PR BUEE —2 method, BEPAKAERIMH BRI 75, ELEEHRAH.

WERRA T EEERE A i, HA PRI BUR B MOAE TR EE, WA repr O B0 str () saCIEATAT (LT
EEF .

str () BRI R RE AL SINFORE, 1 repr () B9H R REA B TR FR k. (i
%lﬁéxﬁzéﬁ i, WM syntaxError). ﬁn%%ﬁﬁlﬁk*ﬁ%*ﬁéﬁ%miﬁﬁ str () [l {eE

51
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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) + ', and y is
>>> 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'))"

+ 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 .

W AT (format specifier) RESEHRHEN), AS7EMUSR I, WIAITAFRS TR AL T, DA R0
3 pi 4 AN =

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

RS EEAR AL TR, #F 5 formatspec 2% 15H] .
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7.1.2 &K format() method

str.format () method [ A VAN

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

KAFSE S AERTIC (REROL) e REELES str. format () method AP, KAEIE T
WP PRSI AEHEA str. format () method I FTFERY L .

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

eggs and spam

WIRAE str. format () method FH{ I BHSE75 8, RTLAGE IS S R 551 1T EMAME.

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

(BSOS 75 | o DMER AL

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

WRARA — (A ,U\ﬁﬁﬂﬂﬁﬁﬁfﬂca&% P b 1 7 2R 4 R AN 2 4 LB 2R G A . SE IR T
DA LR T (dict), [EHJHR5E ' 11" SO (key) HEAASE I

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

Ce. 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

FP* FFE, 40 table E1E RIS HORIBE, AT B R

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

BE X vars () HAEHR, S8y R E R M. 3% 0T Al — (860 5 BT A [ 4ol 52 Y

dictionary,

B, Fu RS E A — A HE B AR AR, 5 R T BT T

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

print (' ' format (x, x*x, X*X*x))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

BIAEH str. format () EATFEREAH SERAMTA, 75 W formatstrings .
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7.1.3 FEEXItFEH
T AT B A A 58 Y [l — 8P B Sr T R

>>> for x in range(l, 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

(FAER, (M print O FREMZ HIMA—@ZSHE I BRI EGR ARG [ BRI A )

FEHRYHM str.rjust () method i 76 - MIEA 254, T 52 AR 8 O MR R0 T 5 0 s .
method 34 str.1ljust () fll str.center ()., i5L% method A& AELAEZ, HE[E—MEEHFEE, W0
R AN FRRKRE, EMAGEE TS, M@ NUEAISoEhmE; BERE ke FELRN e, E
IR S M, REEEeRESESA TR (WRRENEEE TS, TN AR
x.1just (n) [:n] BV AER.)

73— method /2 str.z£i11 (), AI7EMUET RIS, HAEREIE&YE:

>>> '"12'.zfill (5)

'00012"

>>> '-3.14".z£i11(7)
'-003.14"

>>> '3.14159265359'.2z£f111(5)
'3.14159265359"

7.1.4 B FRMERZE

% EHF (modulo, Bi#) Hr] HRFHEA . 7 'string' % values ', string IIAN % &
#i values [FEH S Z TR B, HIEH 9 REE) 7 HB 4fi{H (string interpolation), {40

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

%2 & R old-string-formatting /)M .

7.2 BRIEX

open () [ul{—{flfile object, TiE & A HIWIMHT | %2 open (filename, mode).

’>>> f = open('workfile', 'w'")

A5 Hoe MU S ERLM TH . B A50SS5 TR S 6 7 2 2
JCo mode [E] 'r' B, FRPAMEFBIABIEMNSS: B 'w' B, FORAMERBEXBERE (CAEN R4
RGP B ar i, UMMEAEERmBERSE, E08ARRIERE 8 BB A 2R
iR, "o+ W LABAERE ZEEA TR A . mode 5| $UZRIRIEN), AR ERIE "o

54 Chapter 7. A&



Python Tutorial, £(E] 3.9.8

W, AEIEDA text mode BHE), TERT, FERHR PRI AT RIS, #ROAREE S 7 ORI TR A . InoRPe
E S, HEBHEGRER RS FE (S open () ). £ mode fil b "o €A binary mode FAEWESE :
BERRE ORI AGZICALE P11 (bytes object) ATE AR . MATMERZ M AT I A 35 S0 IR

TECTHE (text mode) T, IR @ FSHE P SR E 47 EAF9E (Unix E[E) \n, Windows [:[E] \r\n)
EEE \n. 7ESCFRNRARE, BRCEIE \n B REEIRP SR E T T RATIE. SRR BN
RPN BT SRR AREEA R, (HeEsG R oPec o EXE BEZR P i h k. s
BRRRE SRy, Y0 — s BRI K

TEWRPIAE R PR, (] with BSERMEFEE. BER, HEMEMGIER, B RZ)5] 3%
TS, REEOE R . 1 with BHLE M try-finally W, AAHHIRERZ

>>> with open('workfile') as f:
read_data = f.read()

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

WARAREAG fH with BGET, RIMERFI £.close () BAPHAMES, PTDASE RPREACHEE I i R ST E TR

i MY £owrite () RF, RGN with BEF I £.close (), RIERRAMIIERY, tnf
AEEEL £.write O W5 BEA B R ARER.

K%’}n‘g%ﬁiﬁ with BRI, BN £.close () B —REEREWIEZR, Bl ZERYSTHE

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

7.21 EZ¥HH method

A HA MRS Bk — A E £ R RY O,

BUEBUHEWEL, N £.read (size), BB OHER, ERATHE (CC7R) sifzocsl
R (CHERIRGR) TR . size AR SRIRVER BT B0, B size WA W Bk [El B MRy, R 2200 43(E)
REPEHEBUE ] R R IR A B WA KR, SRR M, B, e A %R
size BURIYFIC (SCFARE) 5K size B A oaE (TaEHIEER) Sruasl k. R pie &850
ERMAN, £.read () GRESFE (1),

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

f.readline () MR PHEIEEM—1T; EfTF0C (\n) GREAETHOLRE, AHEERGAZE
Iy ook, EA G RENRE —ATPrE . SRy (R R ARSI Q% £.readline () [o/{#—
Az Fep, RFORCRSENE TRZ RN, M2 TMERRERS \n', Wi L& —mEfTTIom T H.

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
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TR TS ATRE, W DABME R TR . SR e o e el . Pk, BN
R

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

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

TSR ARAE A — B 22 0 TG ATt — 18 list [E], WTDAJH list (f) ®{ f.readlines ().
f.write (string) I string FIEIZE AR R, ER{EE AR FICH.

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

HAHAMER Y2 w, 2R eMEEETS o) ooy (Takfigst):

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

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

18

forell () MR, BAMEEYAERRTIETIE, £ T RREEERGES
w e, TSR RN E— R SR T

)i} £.seek (offset, whence) W DABUERRYIMFHINIE. FEFHRINLRME A2 5 B offser
RS i 225 B 5 | 0 whence AR . 5 whence fEHIE) O 16, FURFHAZEFITE, 1 FOR B E AT
WEENE, 2 FREARMERIGIEEIZH 8. whence TN, HFEHEE 0, HIDAREZEPEEEEI 2% 2.

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

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

16

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

>>> f.read (1)

b'5!

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

>>> f.read (1)

b'd!’

HEXTFHEE (BIERE S FERRINA b REZE) F, RAKMERFIEEIS % 848 ((H seek (0,
2) FERWREARMEGI), HRAER £.cell O BYEME, 220, A ZARN offset (. HAIEAT
offset {HER € FVE K E #mF7E.

TRYFREA LM Y method, BRBAF MM isatty O M truncate (); HRYIFI R
Fa Rk R # 2 % T,

7.2.2 {§H json HGHIEBLEIE

AT DA B A 2 Rl AR . S RS BRI read () method H {7 e, jEL7H
WEBLEAS int () BEMER, B2 1123 BENTE, BREEE 123 SR EEG S SR
list fil dictionary (F-#t) SE[EVMEY) ERUEAN, FE)5IHT (parsing) F1/3°511k (serializing) wts# f5HE 3% .

AHHBE A 53 (i P 3 S b A 2 A B A XS A B R EIA 1 R R A7 2R ZE, Python SZ 38—l K &
FIEERE, FEE) JSON (JavaScript Object Notation), fEHEREAH §son A2k Python &RIFE)E , [Fl 1
7 FERyE s SRR serializing (JF34k) . #6758 FoR kb B E ORI BIREE] deserializing ()2
zﬁﬂﬂﬁ%% ggﬁﬂ%%ﬂfif?ﬂﬁhz ], FERPEN TR AT DA A TERE R BB R, B0 i A e ik
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fii(E): JSON A UACH Hu 6 i BUAUE RS R 2B, P2 A7 Sttt C S e HAARERE, (B
[ 7+ H AR (interoperability) Fi4Fi584% .

WESRARA — Y <, AFH—A7H RIS R At B 19 JSON TR IRk

>>> import Jjson

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

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

dumps () BRxH—HEH, ME dunp O, BREAMEYIET I e file. HitL, W0H £ 2—EET
FAMBAE R rext file Py, FATATDAE R

’json.dump(x, f) ‘

#fR—E . IR e file PP, BEFRRAREASYILFAES

’x = json.load(f) ‘

15 T 5 B 1 P S AL B2 48T R DABE B List Al dictionary, {HZfE JSON HFSIALAT 21 class (JEE]) #6, HI
TFEL—BUEEANK TAE. son B4R 2% BRI & S L EIRH .

hz%:
pickle - pickle #4H

BLJSON N[, pickle j&—7 S wF ¥HE 38 A Python #1147 AL € . PItt, E[E Python Firfy
A7 NRE L HADSE = g ro i AR E . eSS, el AR A R R d T B
BB E R Lkt AHE B H A Z G EAGER) pickle BORHPSIME, AT ABATAE BRI UHS .
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CHAPTER 8

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')

A

SyntaxError: invalid syntax

Fres (parser) ErEELETIS—47, [EH—ME/D THFE F5 1m0 AR B2 Ao 58— M S et . B2 il i
P2 AT Y RT (token) B (B RAEEEMMEIR) - Jepilh, 87 print O BT el
2, REREEHm D> 7 —EE5% (). MEAHAITRGUENLZE, FroAn a2 s | B4R,
T DA 2 RE G

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

(PR
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(R L —5)

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

SR M IR — AT B TAHEISE . BIAME AR ABIAL, IR R e (R RS ) — BB g B
#EI P FISNERIE]: ZeroDivisionError, NameError il TypeError. YEEIFIANERIY: BT H 1=
BB bR EE A W EE 14 (built-in exception) [ Fh. T (EV G AR 2 an BB, HEHAME 3 A &
M BIAMIR — 8 T B (BESRE 2 — A IS . B4 2 E g s+ (identifier), A&
554 B $ =~ (reserved keyword) .

WATHAER Y, ARG SM ST R S S R, [ERH 19 S 4 66

DAL BREE, T HEE M) (stack traceback) B BUR LGSR . —BORE), E&A—M5lh
JEREUHSAT (source line) (Y HEEIRIM: (HEA & BURIEEIERA T R 1.

bltin-exceptions i 51) tH [k 1y (1 70 K &AM 6 5.

8.3 mIEHISp

a2 P R P R B AN PIATIY . AT S0 & 2R i A B, BB Egim AL, A
TAFMAE TEREX (] control-c fERRBIBMIRS): LR, hHMHE LN
5| % KeyboardInterrupt FlAMEHE.

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

try BRASGE T T .
* B, ATy T4 (try Ml except BT Z BRBIAR) .
o WUREGEEGIS, H excepr T & GHBkiH, try BUAKITEH.

o QREAT ry TRIRFEEAE TSN, AT RN A S ki . ARG except B
PRI BISZRERAT, HI except TAIPCAAT, RIE, BT try BB Z R IR,

o WREERIBISNRATF G except THITEIBISNARE, H HALERISMNE R try BOASS ARATIEE
HBNEFE, QT2 KI5 9 (unhandled exception), HATHHE L, [EE/RIN EFREEE .

try BORA T AH AR 18 except T4), [EURIFEMGISME & EIHE, MR HA 0 EIHHE 0T
JEIRE N IR try TR B A GIAh, TR G RPN — try BOAXEH AR FE s, —MH
except T/ AT DA — 41L& SEENY tuple 52 M GISh, FI4n:

. except (RuntimeError, TypeError, NameError):
pass

—f¥E except TAJHY class (JHE]) H1-—fH 5 42 W] FI 281
base class (EEHEE)) 5 [z HIl 4355 85 i
class fH%¥. B, PAFREEMEKFEH B, C. D:

LR B A S [ class B2 [E)H:
AR

=
(i E8IE]) # except FH][EIAGEEL base

class B (Exception):
pass

class C(B):
pass

Q¥ #3)
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(R L —5)

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls{()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

FHVERL, AR except THIMNET 4 i (3 except BRI —M), HIEEH B, B, B— 8 —fHfF
1Y except T4 e gl Al A

B & —{H except Th) ] A REGIANAE, DASE— BRI A HALGI A . (EAH BB/, S Ry
ﬁ@%%&%ﬁﬁﬁﬁ‘ﬁ%ﬁ?ﬁ%ﬁ%?&! AT A B AR, SRR TS BRI (LRI mT DASE HE
ZBish) :

import sys

try:
il
s
i

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

try .. except BUAIH —HBIRIEN) else T o), I, 3% THLHAETA except TAIZ4%. WA
— B RS BT, E try TR SUE G ISR, SR T ARE . 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 tey TAUSIMA SRS 24y, H(EE W] DAE S RSPl R 2l ey o
except MU LR#ERIFEAXMEITT] EIBIS

WIS, EWREA AR (E, e flsh Y 7] S BT MU E B e AL, R IR
BIAPRAZL.

except T4 DATEBI ZM 4% FRAZ THI 8 78 — 5 0. 13 {0 588 el 400 2 30— {1 51 S B 9] (instance), Ho5 | #5cfk
f74E instance.args W, [T HE, BIANEBIEEFR __str_ (), KILE[#nT AR B A H i 478
51/ .args. VRUATPALES [EE B AmTsk S — B ANE B, [ERE O T BB e I AAT A Ja 17 «

>>> try:
raise Exception('spam', 'eggs')
. except Exception as inst:
print (type (inst)) # the exception instance
print (inst.args) # arguments stored in .args

Q3
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(R L —5)

print (inst) # __str___ allows args to be printed directly,

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

print('y =", y)

<class 'Exception'>

("spam', 'eggs')
('spam', 'eggs')
X = spam
y = €ggs

BRSNS |, R E A Er g ETTE R BB SRR Y de i2 — B (T4 )

BIAMY JEBE AR oy TESL RIEE AR BilSh, 2P oy TA)E] (B2 E) W nu ) e sCETS
LGS, B

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

>>> try:
this_fails ()

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

Handling run-time error: division by zero

8.4 5| BI5b

raise BOAK AR SEHIBEIH 5 818 E R BIsh. Bl

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

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

raise ME—15 B 225 [ BISL . 3451 Bk e — MBI SN E BRI S class (1142 H Exception iy
class) . WER—(EBISN class HEHE, ©EA ST BHFI B R HMER X (constructor) , B H BT
% (implicitly instantiated):

’raise ValueError # shorthand for 'raise ValueError()'

WSRAR AR 755 |8 T BIAh, (BEATRES T, WA AR Y raise BUASURE M #3401
b

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

An exception flew by!

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

NameError: HiThere
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8.5 flh&EEE (Exception Chaining)

raise BIAR AT —HBIEMEN from, EEBWSIEGIINFR __cause_ J@MEMEE, KREHHIA
GligE, -

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

LTI, ERE AR . Bl

>>> def func():

raise IOError
>>> try:

func ()

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

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

OSError

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

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

HISMEAE - except s Finally BRMEASHES S0, GIOMEREG TS . SAEIEOISNGERE, o]
PASE 1B 58 from None:

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

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

B2 B A B BRI AL, 5L bltin-exceptions

8.6 fEM&EBEMBIS

R AT DA S B4 class a4 B CHIBIAN (AT fi# Python class, #fR.Class (#2[E]) ). AN
SEE R M, BIANE R Exception class fifAE H A

B4 class ] 4 58 &AM AT HoAth class REEIRAG ST, (HAEH S AR 8, N0t 2um ik, Jepin
BT RN AT R B A B BRI 2R . AR ST T RES | 5E 2 FE A R SRR OB AL, AR R
RN 2 FEI1) 5] AN g 57— base class, DAM 1 subclass, H:HEEIA ]S i E T 45 16 51 class:

class Error (Exception) :
""'"Base class for exceptions in this module."""
pass

class InputError (Error):
"""Exception raised for errors in the input.

QS
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(R L —5)

Attributes:
expression —— input expression in which the error occurred
message —- explanation of the error
o
def _ _init__ (self, expression, message) :
self.expression = expression
self.message = message

class TransitionError (Error) :
"""Raised when an operation attempts a state transition that's not

allowed.
Attributes:
previous —-—- state at beginning of transition
next —-—- attempted new state
message ——- explanation of why the specific transition is not allowed
mrmrn
def _ init_ (self, previous, next, message):
self.previous = previous
self.next = next
self.message = message

REHHvIshESe, #@LA [Erorl (FEZRERE, BOIAEHEGISMIGHA .

AR G E R T A OB, DA AR HE ek 2P AL RSt . SEZ A B class YRR, wF
R.Class (3[E]) FHi.

8.7 ERFEEE

try BORSH 7 — WM TA), MR SAE T A ) MR B TS BB (. il

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

Goodbye, world!

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

W2k finally FAJMFAE, Il finally TAJEE try BOAXGTRAIATA R AR —BUEH . ANi try B
BARGEAEGIS, HEHAT finally TH. PAFEBGSBISMEERE, HmElEm R E:

o HMEAGISMEER toy TRIMBATIBE, ARZBISM PO except TH BRI, IR BISNEH
B except TAIEEH, EEE finally THMATRBERGIE.

o —fEBISNATREFR LY except B else TAHINEATIERE. AL, #%BISMETE £inally RIEAT
RYCEHT 5.

o MR finally TA)#fT break. continue 8{ return BARR, BIFIANNEr4E D] %,

o IR try BT break. continue B return PR, A finally FAIEFERIT break.
continue B return BRI Z BISEHAT.

* AR finally TAIFPEE return A, MIEEEERHKE finally THAIK return BuAs
R MEfE, TARAA try TAII return BOAZNRY Rl {E.

B
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>>> def bool_ return():
try:
return True
finally:
return False

>>> bool_return ()
False

3 Hee A g 171 -

>>> 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™M)

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'

WARIT S, £inally FHIZEALATEE FEREr gt r. mifEFHAHBR TS #01 TypeError EIH B except
TAER, HILETE finally THBATRICERTE.

TEHEFEM T, finally THAISRBEBOMBE I (AR aEE) /a0, Mz g
R

8.8 TAEBWAIFEBE

SLLCYPEE 3 T AEVI AT SRS RO A T BB A, Ji e () 2 M (A A2 R I BRI R AR
fgl, eERBE-mEER, DabERDAE .

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

s BRI PR, BT 50 RIS R B R RAE— BOR R (R P ED e PR ER . 7 92 ()
A AR R, (ESEPR R M PR AR T RE SR IR, wi th oA (DR ) 1ERkft
JHIS, AEARAEE MR KR . IE R L.

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

BOAXAAToE AR, AR A RHB S B, RS f AU ErliB P . AR —k, $ROUE 2
BN G EER SO R e — B
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CHAPTER 9

Class (#g[F])

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

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

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

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

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

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

TE C++ BIATEEF, class A (EEERNE) WEARAME (BTAREZ: 248 %3%), mram
&E@T%ml&m WA ¥E Modula-3 H1—4k, Python [EJEA $2 4L &5 7T LAY 4 method [E) 2 I8 H
A method pFCEL—{H SN (explicit), 55— BRI CFAG 5| B S 2, 10 065 | SO AEIE Y Ry 55
(implicitly) @32k, 40[7E Smalltak "1, class #2114, iEE import [ HH A2 0L TR, AR C++
il Modula-3, Pyhon [El7 i ZU[ETa] DA% {8 F 2 DA base class i HAh % 7T (extension). %5 4b, UNFFE C++
e ﬁ%ﬁﬁﬁ%l PEE AR (BAER . ) AT PAEIT class BOBI 9 BB 2 5%

(H AR 2 3 BE 422 32 B AT el R it class, FRARAT € (A Smalltalk I C++ AYHTHE. Fe & H Modula-3 {1y
mm7I.b%G+E%ﬁﬁmmm%#%ﬁmu,ﬁ&ﬁ%%@&%ﬁ%ﬁyLb)

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]

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

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

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

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

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

o EVEIEMSL, RIS, MEas T RS

o AL 41 E pK 3K (enclosing function) FAE ISE, & 48 Sl iy ShE/E TR BR AR R =8, B T AR R
(non-local) F14E-4=15; (non-global) 144 F§

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

U SR — 1 24 R e A E A, J i A ) 2 BRI (P L ) s A Al 4 AR e v R Pk 2 S
G R EE A R AN 282 8, WA nonlocal BRiAS; A Rk eess #(E1A 1l w45 {E] nonlocal,
EU“ETF?@%”EE%??‘J (ERUR AT b U e i ) (4 41 SR ET 57— {87 o4 [ SR 8, [R] 4% B A1

ST R R R e Y NE D I s B W] e e O W i O B (b e e A (B R 3
HFERI 4 25 B A 25 8. SR, Class definition €577 [Fs 4 A tak ohiic e o5 —fHl i 4 25 1 .

BB TR, VR RS HCSCARE R R e AL T e s ek o, A 2 s A R % A5 T, 4
i R 2R AT S B DA Z W o 55—, S48 R A BE PR 8 2 ZE A TIE D (run time) B BB 52 LAY
B2, SEEERME R, F8m7E [ 42 ] B (compile time) [%)([FI#E 4 AT (static name resolution)
JIT DAAS B AR ) fE 44 R ARATT (dynamic name resolution)! (ZFE{ I, JeyfRatdi el 4 2 EIRethpiElz . )
VEH—EBISN . B — SR E L, fE _ dict_, BN EERIAH Y4 23 MY dictionary; __dict__ &

AR GRS R A AT, SUAR, G B PR 02 402 M SRR AL, 1R 2GR 1 3 B8 (postomortom
debugger) Z JHM TG
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— il Python fyFFIRIEL & INEA global B nonlocal MUASIRUR— Z AN (assign-
ment) F @4 ol i E g E . EA @ EER—— e e i =0k, ERtid—i: Bk
X del x FREEEAE S M ard =S BIRER < A . S99 L, 51ACH A MY A S S0 6 s A
R FFER import BOAXFIRACESE, Sl sl (BRI A ul ok 4% i

global Bid =Nl DA AR E /R ER & 8 O I e S A, % bl B 48 1 FIFRE]; nonlocal BRiREC
FORFRE SIS SNE VE IR, MRz bl F 0 e BIFRE

9.2.1 {EABf&E=FHAIEH

B, A2 RO RV R R dr 22 251, PAK global fil nonlocal Wil 55 258 B 45
E:

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

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

def do_global() :
global spam

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

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

PR RS i 1 2

After local assignment: test spam

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

R, BEREYE (FERIEE) SEs scope_test % spam 1)3H nonlocal B{EHILEE T scope_test ¥}
spam [3EES , T global BR{EME T HBLAHIE R 1HES .

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

9.3 # R class

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

9.3. # A class 69
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9.3.1 Class definition ($[F)F3) =;

Class definition # ff B a0 :

class ClassName:
<statement-1>

<statement-N>

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

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

P A class definition, —[BIFFA v 2 25 A6 vy, (AR ME AT B, Py [ e 0
LA AT TG 4 2 ASIDRE Bk e 5 v s (5 0 B2 44 T

IEHH (45 0E) BERY class definition B, —1 class 4 -G 9idsr . A Fig 254 (wrapper),
#L3% class definition #3744 25 B2 FRADKAE N — 8 H SN T f# class P11 JEARE IR AE I (78
i A class definition 22 HE AR AI/E L) k18, FEML class ¥4 Er g 45 5 class definition FEHH AR 45 HY
1 class &% (FE#if5 (] className).

9.3.2 Class ¥4

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

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

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

def f(self):
return 'hello world'

HREIMyClass.i fll MyClass. £ #EAMABIES IR, G/ EIE R — @ K XA F. Class J§
PEH AT AR R IR (assign), FTPASRAT DAZERI(E 582 MyClass . i {H. __doc__ @A R E I,
oy [a] B8 1A 7% class [EIH]“E 8 (docstring): "A simple example class",

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

x = MyClass ()

AT class F—EET B ), [EUH M R4S IR IE s 0 x .

BEHIACEE ([PEny ] —f# class #914) € — WS H9eE, 1?% class BB T YR 2 H 5T R0
EEGIRIMIREE . FL, class AIAE R —MAE __init () AY%FE method, iEHk:

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

class \EFET __init_ () method, class EWH{@.%}T@B’\J class BB HE M __init_ (). BTUAYE
BRFHIH, . ?ﬂﬁL‘ﬂﬁE’JEWJ—IMﬁHﬁmﬁ

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

>>> class Complex:

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 EflMt

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

ia?%ﬂr%'riiﬁﬁ’% Smalltalk Hiy [ECHIEEE], PAK C++ Hiiy (RSB L. SRV IEATR P Al

SR, EMTES—RPIRER G L . B, R x Jg MyClass 1 bkl 1 @SR BB,
Tﬁlﬂﬁ?&iﬁﬁ%ﬂ%ﬁfﬂﬂfﬁ 16, MAE FEE:

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

print (x.counter)
del x.counter

EWJE’J% — T P2 B2 method . Method ;22— [J& ] P14k, (7€ Python 1, 3% method [FIR
12 class B BT A 1 - ,ﬁ\iﬁﬁ%ﬁiﬁi-ﬂ{—‘fu\ﬁ method, AN, list #){fH ARG append. insert, remove,
sort 4 method, {HJ2&, & FIAER T, FRAVEH A5 method AREFRIR class B 4441 method, [
IS5 A I HEEIRA . )

BB FA97G 3L method 4 FREUEIAE: class. #R¥EESE, MM class HETH MR BN, ERTH
B ¥ method., FTPAYEFRMIMIGI T, x. £ @& @A method & &, MyClass. f J&—ffil pf
A, Hx.1i AR, WEIMyClass.i ~ig. {H x.f Bl MyClass.f B A—kH—8 21 method 4
B, MR

9.3.4 Method ¥j1¥

W, — i method YEE RS HE HI g FRY :

x.f()

fE MyClass MBI 7, B RIEFR * hello world’. SR, [FIEMGAZSLRINEI—{F method: x. £
&1 method Py, [EVH AT AR GEBGES, Z A& TN . S K (E):

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

MG EEE I hello world HE|KycH#,

1 method BV TE € g R AHEV? Rl RECLASTERES) x . £ O B pELAT (R 7 e, (B4
£0) BRRE AR E A5 8. 8005 | oA T AHEIEE? (A 75 2 | B ek s 1 (B 4 £ o)
5| #H:, Python 15 %E sy | ,

FE L, (RTREC A S 7% method HIRFIRZ HEAE Eﬁ, N 7RS R (RN E R VR et ST
TERMEBI T, = £ O EREFMERR MyClass. £ (x) o —BORE], FEM—{EA n {f5] %) method,
S [r] A P I — {1 385 o T, HE5[#413% (argument list) %E&%iﬁ#’ EAEEE— (5 | BT A% method 1
Bt
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WRARAIRAR T i method /EERENE, H—HREMEREEHRE —LH, H—MEHKIEERE 2 1
e, SZ B class G . WA R — AR class J&§PE, M H2— MK, Al—1H method
YIS sr, B R ATE (FEm) sZE G g 2 i ek =, TR
f: iEpis& method P4, & method {2 {51 By FepnFnd B — B30 5 | B L e i B ol 1
FIZ5 | Lo, MaZ ek =X & DA (B B 0 5 | 85 e gl

9.3.5 Class R E {5l &
— R ARE), B 15 8 M A — R B A M R EORE, T class B MR A % class 1) i A7 B 51 Sk S A J 1

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’

HNEIAE Bl 75 & sty v oy — B2 st , SR R Momutable 144, 4 list A1 dictionary, W[ €r(E)
HEEANKE A, BRIRE], FREEAY tricks list A RERZAEE]—MH class S84l f, PELE M list 44 €
%ﬁm DOg E‘WJ}%/\%

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']

IR class #% R % FH 20191

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)

Q)
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(R L —5)

>>> 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

PR R P 4% A ) e B — (8 2 A — 1 class v, R PR R 4R g AECIEN R o -

>>> 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

RORJE 1 AT RERE method BUR B —R B ([F(EG]) FraM. dugeEl, class Anf R EE
SRRl S BORHBUE), 0 B, A Python [EVGEMT AT REAY VA, W (VI BRI AR 2 S i 1
Ble (5—T5Tr, PA C #3114 Python T AF T PASE 4 B8 2 15 A i () FL7E A0 SERF P22 4 PR A A7 IR 3 WT DA
BEPA C 551 Python SEFEHTH - )

e EV M0/ P R 3 I T PRI A A ORI, T T 3 method 46y
AREEE. VERE, AT DU C B0 SR LRI SO, (R % method HUATHCHE, FUERES
ARSI T— F— YR, v T A 48 2

#e method 12 A VERMEHE (s 20fis method! ) A MIASHY. T BLiE EEH AN T method fy ) [V
o AEIEVSE method I, (EVA friEGi s R S0

M, TS — (A3 ORI se €. S HUZ—(RIEGI: self EMH# T E Python (D5t AIAHD
R LR, SURICRRG), IRAOPLAGETTAE S Python Bt et AT UPIEAT, HEAh
5T MR 6 T A 8 {3 FE B T 4685 class [EVSE 3 (browser) B2

AEAT—E D class Ja 4 F) pR P (FERIETRZ class RO ECHE 56 17— (EAHIERY) method, pRE AN —E 20
FAE class definition [3CA i R X PFAEE AR class i [ RS Bt 2 T DAY . (5140

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

class C:
f = f1

def g(self):
return 'hello world'

h =g

BIAE £. g Ml h # 52 class ¢ (9@ ME, EHEmMEDM, FrAMERE class C B Hi1¥) method —h Hi g &
SEa—HKIN . TR, EEMeEE N R e A s R K
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Method A] DAFEH{#i JH self 5|#(% method &, WY 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 Hi— % o 2CAH [ 1 7 20 2 B I8 44 6 . B method A B0 4 I8 0 ek, ol 200 & HLE 3610
P4 . (class 7 AN G FHVE IR AE HI. ) SR AR 7B 7E method HH i FH 3 & RHY 780 Bl , (A4
WAE G 7 2 il - e r(E), ¥ import 240 IaVE FH s sk A4, AT DARE method DA L AE#%
A 3k e 21 pR U class T . 8%, (27 method 1) class, ‘B 7R Bl i e FAE 8 (M A 3mAE 3,
T, FMAEE 2] method FHIE 2R H LAY class By—LL 47 JF A

AR — W, FIHEEA W cass, WATAEEER npe (R[E)). B object. _class__
Behibfs

9.5 #% (Inheritance)

WK, WIREG SRR, [class| & l5E S FF QSN EAYAEE class, —1{f derived class (74 HiE)) &
TR AT -

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

4 Ff BaseClassName # 5E FeiAE I8 ZH 207 derived class 5 FRINVE . ZE0ES base class (J)iE
HIE) R, AHATERER MR . EaRAH, Flan, %M base class JE7E 7 —HAH
Al e

’class DerivedClassName (modname.BaseClassName) :

|

AT derived class i FiiAE, HLEAT base class #[F]. 5 class Y PHMERE, base class G#itfl. B
FR BT S B SR SR ) J& 1 SR AE 7% class W3R F, R4 457 base class 83, [RUNF%
base class 4 5 2174 H HiAth class, HI) 33 B3 B €l [FI i e

B¢ derived class (9% 01 {6 EE 4 HE) 2 1 DerivedClassiame () §#37 i class i) [T E .
Method fJ2 HEBEARITAN T © SMERY class B ME GEi8 ), HISRAREE, Y base class fUARIDE Tk, 11
SeElA TR, 3% method 2 BUEA I

Derived class ] DA 78 %5 base class [ method. method FEFFIY [] — 8 914 (1) Ho At method i [E) A 45 E]
HIEFHE, FrDAE base class [1—1{# method FEFERYAH[A] base class W iE i) %5 —1{f method Ry, Hrx#&n]FEEr
1Y 5| —{ 78 252 1Y derived class F7fY method. (45 C++ A% EFli: Python Fi AT method B _HE 2

virtual,)

—{li#£ derived class 7 % [ method ] BB & A 4% 7e 1 3 B AR A base class HAH [F] 44 F§ 1) method..
BT PP base class [1) method A —{F i B 5 HEEIFIY BaseClassName .methodname (self,
arguments) . o A MHEERBRE M. GEERE, HAFE base class 7 4 3k /E A 45 7] DL A
BaseClassName #{fEBURE, B HEAHFZL.)

Python 5 1 {18 [EJ8 b 0T DA A 4K
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o fiif] isinstance () H|E—@EFIFAIE): isinstance (obj, int) HAFE obj._ class__
& int BT int R, &5RA @2 True.

o ffiff] issubclass () H|class #£/K: issubclass (bool, int) i True, bool J& int
I subclass ( T-#[E]). {HS2, issubclass (float, int) 4 False, float EIAME int 1Y
subclass.

9.5.1 ZEHI*X
Python 1B L EARKIIER,. —H £ base class [{¥ class definition F it RGBT

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

<statement-N>

HERZHIEE T, RMEEAFFE, RofbEtkE%, #HR4 R [ parent class (SCHHE]) AYEH:, Hig
FHE: REEL. ARG, EB g EEEIR A class POREEE . Wik, Bas 06 v
DerivedClassName [EV#54RF], HIZE Basel #331, $#3 (JE[EIHL) #F Basel [1) base class 13857
RAEARE L EE AR, GFF Base2 a7, RILKHME.

HE L, ERMERE L method FYMEHTIE T 2B R, AR super () BUATERENY. By
RIFHA W 2 EERKEE S T, MEREN T —# 77 (call-next-method), H. [7F B — %ﬁnnm*% super call
(g ) RASHEEK.

BReHE 2y, HIEZ BRI EE RS s 2R E (HHd 20— parent class 7]
DA IS class 17538 22 (B ASAFHL) o B, B 1 class #VAE/K H object, [ IWATAZ BRI
[EJER LA T 2 (H 5 2 object HYEEAS. [T kA base class #Z K AFHL, @ﬁﬁ?ﬁ%‘%%iﬁ%ﬁﬁ%ﬁ%
JEFFEEAL (linearize): 5 B AF(H class HBLE A IE 22 B4 HINE)F . 3408 parent [ ”?W*U\ ik
F1 (monotonic) X (B EIE, —1H class 7] DA%, subclassed (FEEIfL) , ﬁﬁfﬁr% 25 H: parent 148 5
BIRE) . 2, ELerrh st st Bl S T 7e . B Z HAKAY class lUEITfE. EE2 &, w R

https://www.python.org/download/releases/2.3/mro/ ,

9.6 FAREH

[FLA7 ] (private) BB, FRE0EA f%#liﬁﬁﬁ&iﬁﬁéﬁ A, JEAE Python W2 AAFAER. (HIZ,
KZ 8 Python [ FE: AR — MG WisRE—MIREN AR (W _spam) BEHHIE APL (fEHR
A ATE) #YAEAAT (non-public) FRy (41 ﬂ% %IZW FEEGRE RN R) . B E WA,
A, IRASATER.

BESR class FAA BB CA — B R0 A E] (BRI % 24 8 subclass 2 S8 44 Al 28 ) , 8 T il Aire )
— (A BRAY 3% , ABE] name mangling (4 FAEH) . (TATHERE __spam (E/DHMHHTE FEE, HE—
AR FIKED) rPE4 55 (identifier) GH A EEIE _classname_spam, £t classname jf
SR PEIE N EERE ED class £ 85, HIELSE B M2 TE class EFRZ B4, Et @R L Bzt
ARBIFEEATE R HE R 52 AL

R 16 i 3817 subclass 78 method TS FHE class [EIFBAY method FENY, 24T EBIRY . SRHI5R[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)
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(R L —5)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

def update(self, keys, values):
# provides new signature for update ()
# but does not break __init__ ()
for item in zip (keys, values):
self.items_list.append(item)

1 LB, #5AE MappingSubclass EHMA __update sREFF, WAEIEF#ENE, HEHE Mapping
class W, B €&y # ([ _Mapping__update, [MifF MappingSubclass class W, T € k& F(F
_MappingSubclass__update,

AR, BRI R R GRS AN B T BRI B — R AL . BRI ISIE T
BERREMA N, BIANTERR SH4% (debugger).

FAMLTER, ERAS exec () B eval () FIRRSAEA G class 14 FEGIEIE BIRY class; 8 A global
l‘%fﬁiﬁﬂﬁxﬁl%*ﬁu, EZ)&% H%@F@ﬁé %ﬁﬁﬂiﬁzﬂﬁﬁ%ﬁ (byte-compiled) FRECA . [F] A 17 IR il 384
J¥ getattr (), setattr() fldelattr (), PAREHESIE _ dict_ i,

9.7 #7(L88

WA — @éﬂﬁl KA Pascal ) [record] = C {1 [struct), W] DAS—2645 4 R A& RHE H 1045 7E
—i, AREEGRA M. HE M2 EM class definition EJLTU\%E~

class Employee:
pass

john = Employee () # Create an empty employee record

# Fill the fields of the record
john.name = 'John Doe'
john.dept = 'computer lab'
john.salary = 1000

FAAR SRR S AL BN — B Python R, A& AELAEE 1 class AR, I class Bt &k
Z[EfY 2 BE method. BN, WERARA —MHK, EEEEEED AR R, AT DUE 5
—ffi4f read () fl readline () method [ class {EEIA T, (7 HpamEusert, EHARTIS]
BORMHIE

EWJE’J method YA EA B m.__self 2 methodm () BB, 1 m.__func__ HI
J&#% method FIr ¥} E (1 R 14

9.8 [Flft2E (lterator)

FIHAIELL, FRATREC AR R E R Z B 28 2% (container) IFHRAI DAGEH £or BOAA A TEIRE -

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":

(F a0
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(R L —5)

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

B ARSI R E . [EURERA 6 FIAE Python i JE ] 7L H Y80, TE4#EM%, for BUA
ETERAY EIEN iter () o %R EE—HEMEYE, WYHEFRT __next__ () method, Tt
method & —FIAEMTIITTER. HIUE MR, __next_ () #§5[# stopIteration fl4h, il
Al for KRB . AR AR FIE K8 next () 3IENY __next__ () method; &G TR T ERYH
YE

>>> s = 'abc'
>>> it = iter(s)
>>> 1t

<iterator object at 0x00A1DB50>

>>> next (it)

lal

>>> next (it)

lbl

>>> next (it)

'CI

>>> next (it)

Traceback (most recent call last):

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

next (it)

StopIlteration

FiBER 0 N FAAEB R E, AERD class A BRSO EMBRES T, EF—M _iter_ ()
method 2R [ E— (@77 __next_ () method By WK class ELEFE T __next_ (), Al __iter_ ()
AIPAH A self:

class Reverse:
"""Tterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len (data)

def _ iter_ (self):
return self

def _ next_ (self):
if self.index == 0:
raise StopIteration
self.index = self.index - 1

return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0xO0A1DB50>
>>> for char in rev:
print (char)

w T o8 .
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9.9 [[J428 (Generator)

[l 25— A i g r B il B R TR B M s i a B s X — b, (E e 2l i
FHEE, Bl yield oA, MRAEEARS EIFI next () W, E@4E LRBERRN M ERERLT (E®
FOFF AT EORME LA K E— A T BRiR =) . AR EEGIEUR, B [EV A28 v A 2R 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 tHh o+ -

FEATTR] DA BV g8 s s i g, tHAE JH DA class [EIEEBERENCES AR5 1, Rl i —ifHtid . i EA: 2%
FRE A EEPRE RN 2, _ iter_ () Ml __next_ () method € [ Bj#l 7.

I3 —fE BA SRR R PEAE A, D S ORI LA TR BB AR R ROV Y 2 T B Bl AR 8 A e R X L
self.index fll self.data jafEE Y =N A5 4nes R EIE M

% 7 & BB 57 method FIGEFAEAUIRAE , HEVERSALRE, B2 €& H8)5]% StopIteration, Hk
FRrEshae—ie, Mg EUCERE s 4 5 W R S .

9.10 [Fl42REHR

S B (E) A 2% T DARS A 8 2 — i) f i A A5, I B A 81 8) list comprehension (ER 5145 A7
T, HANEEHE SR A 1558 18 0 B Ok s st R EVAE 2851 57 B gk #Ma R X (enclosing function)
Frf G E. B4 g B X s s s i [F A 28 e e b, U il R T e D, L EL A5 R0 list
comprehension B [FIf{i 44 70 B

Biltn:

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())
>>> valedictorian = max((student.gpa, student.name) for student in graduates)
>>> data = 'golf'

>>> list (data[i] for i in range(len(data)-1, -1, -1))

[va’ 'l', 'O', qu]
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cHAPTER 10

Python 1= i 3\ EHE

101 fERZHHE

os BALFRHL 7 B SRS R B Ay R 2

>>> import os

>>> os.getcwd () # Return the current working directory

'C:\\Python39'

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

B import os 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'

81



Python Tutorial, £(E] 3.9.8

10.2 {EX 2B B>t (File Wildcards)

glob FAHERME T — =T DA H & 7 oo h i REE AR RS

>>> import glob
>>> glob.glob ('*.py")
['primes.py', 'random.py', 'quote.py']

10.3 &/ IS8

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)

H python top.py —--lines=5 alpha.txt beta.txt FEArSFIEITEE, ZEA €4 args. lines
#E 5, Fl¥ args.filenames #&([F) ['alpha.txt', 'beta.txt'],

104 EREHEHEREENERL

sys WA sdin, stdout, F stderr & B stdour HE HrBL M IRE, 185 stderr W]y H 2 FISE 7R
%ﬂA%\ :

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

R EIA R R R A sys.exit (),

10.5 FHEKRALLH

re BAHELHLTE I F IR (regular expression) U B 1 7 A3 JEFE . 3 0 B PR EVAE 1 LL 3 DA S BRAE RS, TR
For R R 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'

WA TR B TR R, VAT LA RO (B ST, TR AR B method J2 HURZ A -
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>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 Ey=34HR

math BAIRAL T C bR I i B O Yy e o

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

random BEALFR L T RS SRA) 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 BUALIRME T BUE R R R EA SR (Q4FFY. Do, SERES) rWohe:

>>> 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 B2 <https:/scipy.org> WA 71 2 WUE FTEAH B4 .

10.7 #HRETFH

Python H4 3 2 17 BUAAEE DA S PRAR B8 1 8 o B Fil BE A P 491 69 9% urllib. request B ] DAMEAH
HEATUBCERL A B2 smtplib W] RAFI A7 4

>>> from urllib.request import urlopen
>>> with urlopen('http://tycho.usno.navy.mil/cgi-bin/timer.pl') as response:
for line in response:
line = line.decode('utf-8') # Decoding the binary data to text.
if '"EST' in line or 'EDT' in line: # look for Eastern Time
print (line)

<BR>Nov. 25, 09:43:32 PM EST

>>> import smtplib

>>> server = smtplib.SMTP ('localhost')

>>> server.sendmail ('soothsayerlexample.org', 'jcaesar@example.org',
"""To: jcaesar@example.org

(T UU4kED)
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(R L —5)

. From: soothsayer@example.org

. Beware the Ides of March.

nm n)

>>> server.quit ()

(SR R ) 7 rh 7 e A A7 — R T i AR 25 - )

10.8 H HA B By ]

datetime MAHYRMEFFZ class A] LASRAE H DA B[], % il B0 (R AT o ASCAH S 9% I I S e [ 15
B, TR E R A ORI A [ OAE B h AR DA S A . At S e [t (B S .

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("Sm-%d-%y. %d %b %Y is a %A on the %d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> pbirthday = date (1964, 7, 31)

>>> age = now - birthday
>>> age.days
14368

10.9 F#EH#E

VR R R A AL SR A% MR B SR, 4 21ib. gzip. bz2. lzma, zipfile PAK

tarfile,

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> z1lib.crc32 (s)

226805979
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10.10 4 EEE A

ﬁ‘_‘
He.
HORE, ARG HE M tple AFT AU B A B AR E S 3. timeit BT DR R
ANELHERAIE A -

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

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2").timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1; b=2").timeit ()

0.54962537085770791

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

unittest BAMNE doctest BHLBEMAS) , (H2 AR ATE ) Sh—(fAR 2 M5 57 o 5o ey Bl 42 -

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):
self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round(average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests
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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 ARk S GIUR URAL , email PR HEA S SE R T HAR Wl A Sr B
TR AR (R AP ARER) AR E A i SR B I

* json E{1¥ JSON BRI ERE A NfgdT, SRULEIRK SR, cov BAHIIRALE HFE CSV (PAE

SRR AR A% X, TN EORLBAI AR 38 ) xml.etree.ElementTree, xml.dom
Bl xml. sax BFAISR XML g R, £ABITA, B LRI E RS L T Python JE i A 2L
ftn T B2 Bl g2 [El.

sqllite3 Kifl/2 SQLite ZORE pR U — g e, Fefit— MR B Fr AR EORHE, AT DABE Gk
JEERMERY SQL FEIAZCEN BT3B A7 I

O B B4, 5 gettext, locale fll codecs &,
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cHAPTER 11

Python #ZAE R = ER EE—— 5 — 7k

5 R R S 2 SR AR R T R A A . R SR AR A B/ NE A

11.1 HH4ER {1t (Output Formatting)

reprlib BAHRML 7 repr O WIMA, HFTHRARRE R A BRI Bl 1) SR A -

>>> import reprlib
>>> reprlib.repr(set ('supercalifragilisticexpialidocious'))
"{lal, 'C', ldl, 'eI, 'fl, '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']ll]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%.*7f", (conv|['currency_symbol'],

ce 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 S$cause.')

>>> 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$Sowner.'

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_1074.7jpg’', 'img_1076.7jpg', 'img_1077.3pg'l]
>>> class BatchRename (Template) :

delimiter = 'S$'
>>> fmt = input ('Enter rename style (%d-date %n-segnum $f-format) : ")
Enter rename style (%d-date %n—-segnum $f-format): Ashley_3%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' 2d%b%y")
>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print ('{0} ——=> {1}'.format (filename, newname))

img_1074.jpg —--> Ashley_0.jpg

Qs
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img_1076.jpg ——-> Ashley_1.7pg
img_1077.jpg ——> Ashley_2.7jpg

SRR 75— (R, A 2 B g i A 6 A B R . S g T ATE) XML 5 L AlSC
TR HTML SRR B E B RTIRR .

11.3 =& #1ZE52 4 HE (Binary Data Record Layouts)

struct BAHIREL T pack () Ml unpack () KX, JIRA AT 8 R A it flieE . AR HEGIE
B, GT/ER R zipfile SEALAGREIENT , 61 )R [ — 18 ZIP 4 5 i B8E 4031 (header information).
JAE AR UG E R T S TRV PR AN D 3 O AL SR FF SR (unsigned number). " <" FRE MR EEE
FoN, [V /i (little-endian) 43 TCALIE T :

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range (3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 Z#1T# (Multi-threading)

AT A Je— I RE AR ME P AK (sequentially dependent) (2 fEAL B HETT# AR (decoupling) FYFHAT. i HoAth
FEBAET SFATIR . 2280748 T DA 2R T P A e e AU P 2 i AR 1) SREBE T o — IR B 1) 491
&, AT VO WK, 785 — s ATHE P r st

PATT RS HUR 1R BFAY threading BAALAMAAES SOE T8, i AR R AR A AT -

import threading, zipfile

class AsyncZip (threading.Thread) :

def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile

self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close()
print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip'")
background.start ()

QS
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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, S 2 Mt R s PR AT 4% . (B, threading AR
HET Z2 A [5] 2 e B )5 44 94 (synchronization primitive), fU3548H (lock). ZE{4: (event). 14&{4:%# ¥ (condition
variable) F15%(E] (semaphore).

B E L THARES, (AR/NAEEHEE R T fe s s e D VB A . BrPA, AR i i i 3 ¥
&, A B AR IR B BB T4, SRR queue WA IR RZ A TG A 16 5K B LA T4
RUFEK . R Queue WA TRATAE IS AI AR , S 5 iRekat. a5, EalgE,

11.5 B[FJEE([F] (Logging)

logging BALSR LD AEAR 4> H st Wik H BB R 5. fERMEOHEE T, HERME 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')

EgEA AT

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

FETEREE, SRR UE A G BUR , i Gras ik BIEIMESY 3% (standard error). At 8 IE {1
&, AR EEE R B EE . ERR (datagram), AR (socket) BY HTTP fal il . HridiH I8 45 ol AR
BB ERIET, AR H (routing) 77, DEBUG, INFO, WARNING, ERROR, } CRITICAL,

H (VAR 5 T DA E 1 Python ML, AT DAB A BT 4 T 4R R0 ML R 4 DAREF T )y F TR
(F), 1 0/ S P S 1

11.6 555|F (Weak References)

Python € BT RCIE I (K2 M (F AT 2 B (reference counting) (EVfi Hgarbage collection
HGHBRIEERZ ) . H— 2 BARIRUR R AN, aCiE il et .

I 2R 2 ) AR A OREIARE B R, (ELE ATt 55 e W (AT SR Al g 428 e P e R e B e A .
A, B HEBEEM, ey — @4 ek A L (permanent) ()2 M. weakref BIALHRALK
THAARNLHES 2 Bt BB, P AR, B H B 595 3 (weakref table)
?J%MZI}% EIE555 | ¥ 14-f 55— [B]1FF (callback) . LA {1 JE FH A0 45 BT 7 (cache) AR LE R A B [E B & 4
L

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ _repr__ (self):
return str(self.value)

Q)
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>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()

>>> d['primary'] = a # does not create a reference

>>> d['primary'] # fetch the object if it is still alive
10

>>> del a # remove the one reference

>>> gc.collect () # run garbage collection right away

0

>>> d['primary"'] # entry was automatically removed

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
d['primary'] # entry was automatically removed
File "C:/python39/1lib/weakref.py", line 46, in __getitem___
o = self.datalkey] ()
KeyError: 'primary'

11.7 €M List Y TR

FFE BN R RO TR, T DAZBEN Y lise (H357) ZUERGNE . (H2, AW e iR e &4 R
, H LR E AR
array BARME T array O #fF, EBE list, (HRERTFFIHN EOR HAE ST . "N

s — R B85 (array), DA f7 TCALRY MEFF5E i B (unsigned binary numbers) [Elfif A7 B0 (2
fSE] "H"), WAE Python HEEUI 1 IERT list v, FR(EIE H W H MM 16 1861704 -

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> all:3]

array ('H', [10, 7007)

collections BAHIEML T M deque () ¥, BIgZ list, HAEZMMA (append) FlFE H (pop) [
FEHRCBR, T E A ) I . s AR AR N B VRS (queue) TS B S H S7YE (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, e URBAR ML T HAB T A, BN bisect B, HATREEIERAE sorted list (2
Herpas) ekt

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> pbisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, '"lua'), (500, 'python')]
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heapq BIALFLHE T—L8pR30, RESEHN IR list RECAEHERT (heap), fi/IMELAYIE H EKiE PREFIE LS . ¥
R—SERHE L YAFIUR/NICER , (HAREZEEPREAR list A THEF i AR ORE), EamA -

>>> from heapg import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 +i il (Decimal) ZEEEE

decimal WEAHRME T Decimal BORMEAL, A i il 7 B MOE R . AR EVE A i il 17 2k
float BAE, #% class #5[FsfE R F 4 5

o <ol P A R HA 5 B a6 R SRR R E A
o FNGHERE (precision) [,

o PRSI, DA R VA B LA,

o B R/INEU B (decimal place), BY

o fUHE S R A R T LR A AT RO T R

BN, ZEE 70 0 FATE N b 5% ElG o, COH -kl B o kiR, aRh AR
MBS, WRIEFELIRU G 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 WESEAS R @R EMIE, e HIRAT WA 007 B w5 e ) ) H B b A D i 28 o B
E;Eiff Decimal A DA T35 MRS, AR G0 EV — it v B ME 2 1 B 2
BRI .

WERRENY F /R VL5 Decimal class AEEIRAAT N 38 i BSOS 8 FH AR s T30 AR 25 A -

>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]1*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

decimal HEAH T HHLE R i 521 R (EDR e 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 -

python3 -m venv tutorial-env

R tutorial-env NIFERES, B & H# V. tutorial-env ¥R, [ H & 78 Ew &7 — 4
Python P asiEIAS . AR R . DA [F] ) S 3R A R i ke

[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

T£ Unix 8% MacOS %%, {#1H:

source tutorial-env/bin/activate

(35 Br A2 =058 1 7 bash shell, WK 2] esh 5% £ish shell, i &AM activate.csh B
activate.fish Z'Kc)

(EV 885 () g5 Bt oy vl 8 AR shell $i2 78 ST SR BEUR AR IEAE G i [EVRE B35, () ELAB WSO I3 DAGRARAE 047
python HRHEE ] AR EIHFE 1) Python A, B4

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

123 H pip EREMHF

AR PAGE B — MR i pip MUFE R4, THEEREM:. pip THE @ Python Package Index <https:
//pypi.org> A, AR DAIE AR 49 B [F)'E #$[F)'EF Python Package Index.

pip B4 1454 “install”, “uninstall”, “freeze” %5, (] PA2 % installing-index $5Fg, KHUFS pip i)
SEHE[EIH S )

VRATLAZ I 4 5 B R4 7 AR e Rop AR R 1

(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

VRULAT VA I TR B4 2 A4 B == R 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

SR AREFHATIAG S, pip WAREHIRAC AL, REAEHARM, IR DR R R 5T
FHBUFZIRA, SUE AT pip install —upgrade AEEPEFHEERF NI

(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

pip uninstall MR 2 A4 5] AR EHEEB R RSB E 1
pip show n PABUR—fFFE B &R
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(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

pip list SrHUREMREERE TG O8N EMS:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze ] ARE M CALLAMBLHEH, (L2EL MM pip install WASERIHA. —
A S AL Bl T R A B ) — R MU requirements. txt HYRESE:

(tutorial-env) $ pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

requests==2.7.0

requirements. txt A PABERZ A E i, (B ELAEETRE i FH AR 2 —34000 o i & AT DA install
—r BRI BN

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas—-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip A HLYIAE. W PAZ installing-index $55F, APUHF5EEEN pip [EIHSCHF. BRERE T —EEM
([) HAE %3 B2 F Python Package Index W] DABURIES, A PAZ % distributing-index 5H5 .

12.3. [ pip BEE# 95
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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 &6 & K = WM AR A . A SeBigH w] DA ER Unix (545, @8
HTTP AR Scf: . [EABLEL. e SF08IE, 45 CGL A2, Ak, MirL HAMT % .
R 20 2% TN DARAR T A MR e nT DA .

« installing-index: [EJHH SELfigE fs 2] 22 4% HoAth Python (i F 35 7 & 58 A5 4H .

« reference-index: Python ¥ DA MR AFEMEI . S0 SRR AR G L6z 0, (ARl S
AR e R A Y.

T4 Python [{ &5 :

* https://www.python.org: Python ] = 2L45G . B SRR SO PA S Hi4h £ Python AH BRI 148 B
Ak EIER 0 [ElR B e R b, B2 WM . H AR DA RGO R EE s S 15 A vl o 5 & b S 4 ol 2R A T
PR, AN LB )3 S B AR T T A A

* https://docs.python.org: fe#i 35 & Python f3C{:.

« https://pypi.org: Python £{425| (Python Package Index), 2 it #:EJREE] Cheese Shop', [EJ44 T fii
HI# Bt Python BLHINER S|, EHRHLHAHREEIRE M. — HPHLA SR AR =CHS, AR mT DU BR S
FE i EE) ) & [FE AL A A 383

* https://code.activestate.com/recipes/langs/python/: Python Cookbook J&—{H A& KAAE =14, A&
AGH] BRI A S FREIAR o R EMEAS R0 BB R 9 2 7E — 4544 [E) Python Cookbook
(O’ Reilly & Associates, ISBN 0-596-00797-3.) e,

* http://www.pyvideo.org FEAfF e Er B 2 fEAH 2 ErES S8 Python AH B 5 4

* https:/scipy.org: The Scientific Python 58 & — {1 & FI % e 2 [ 51 SE LB B A RS, DA KT
[EWE. EAZERE JEERES . B E. SRt igE—RmE .

#H% Python AH [ 1Y %€ 4 S (4 R [l i, 85T PASR U 28T Bl AL comp. lang. python, B EMH 2
python-list@python.org 77 i ¥ (mailing list). 7 B FFEALMITES 5 i SIS (R, AL AR G 21 H: rp g TS 8

! [Cheese Shop (j2#J%)J /2 Monty Python ffj—{H i : —(IEA A —50R TS, M EiERe, 5aEsEPEgS.

R AR 18 B 6T Python ACREITEBU AL I B
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oM E B A — . BREAMCAERES, M (FIEE) ME. 2 ae s gt ERmsil.
T 259 B A7 AE https://mail.python.org/pipermail/,

TEIRMGZ 1, g MR R WE (MRE] FAQ) g A L. FAQ #r[nl 2 Hh BR 24 1]
R, ARZHEEEC KO SmEMEN .

[EIf
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cHAPTER 14

BN\ AREE A1 s AT D& (L

A SERRA ) Python B 9 i i A E) 2 1) i 1 /R 22 R B () (history substitution), {{LI7E Korn
shell A1 GNU Bash shell i 2fig. & H2IfEE M GNU Readline s xURACE A, B S04 25 00 43 5 14 JELASS
EA AR E A CWEN S, EEERMEAEET .

14.1 Tab $ B E)5eH (Tab Completion) 1 58 s2[[)#5 8 (History Edit-
ing)

TEH R DB IR, SRR AR A B2 W RE @ HBIEVT, FrRAWT DA Tab SN H B 5E
JRRREC; B @A Python IR BRGA A FE . i sk S M2 ARAT T BEAL 44 R . BP/MEJE string. a (R
7y B (dotted expression), B #HRAR—MH ' . ZATHERAORIE, RERBORERRYFRE I,
T ABSE R RER, MR _getattr_ () method (J57K), [k i%iEH X
W0y, Bk RE G AT AR B e SR . TRt e R AR i 2 Rt B R e AR il
%%%ﬂ%g,—@%E.mﬂwmhmvxy%%%*oET—&E@E@ﬁE%ﬁ%,%%ﬁiﬁﬂ
IR PT ARG -

14.2 EENEHEXNERF=E

SLELIRCAS (Y B A L, BRI REMY BRI RE R — W BRI (B — S B A w8
RAETERF T 4 Tl S RO AR (T &% (parser) H1IH R —47 /2 75 7 S AR HEAEHT (indent token)) |
ARRSE 1o 1 B¢ B ] RE & BRI AT R . A — M o reEn A (S =) #7598, 5l
SEAHAUAT SR VCES, IR ERA

AR E BB X B Ry R, OB, FBE) IPython, & HAF Tab % H ) 5% L.
PR TR o e E A B S (. B AT ASE 2 R EURE e i A S HoAt e AR o 55— (R
WEA BB, FE] bpython.
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cHAPTER 15

FROSUER . AR

TERT MR, 7788 (floating-point number) 2 DAKEMIE) 2 (Tif) AR . WA, 7+
/N

’0.125 ‘

APAHE 1710 +2/100 + 5/1000, [RIEEHIIERE, /N

’0.00i ‘

AP E] 072 + 074 + 178, 3 Wi /INECA AH R A BLAE, 1M il — ELIE AU IR R BT DA R, 1R3& DA
THERIEIR

KM, R 1A/ N PR DA 30N R . — IG5 SR E], AR A - (7 B U
AE BB B AEAE R B P ) e 5 7 B s o

EAEA T, B EE R SRR DA 13 (B, AR DA A3 {7 /N

’0.3 ‘

S, EAILLL:

’0.33 ‘

e B S IbpUR S

’0.333 ‘

USSR 2 A AEE NI, R SRR EL AR 1/3, (AR 2 AR HOR, 1
= 13,

FIRRITERE, A IRIBUE AL DA BeRs RN, /N 0.1 Rl 3 O/ MO HE b 0
FE IR/ NI, 1/10 G PR /N

0.0001100110011001100110011001100110011001100110011...

HBAREAT A RO, Rt R eS8 UE . 1 BALE R 2B, 1R B R 3 i
HER IR, Hh PR R A S e, 53 MAcER, ARHIE A FRAF8 ¥, 7E 1/10 )
B, THEAAE] 3602879701896397 / 2 ** 55, [MimkERIE R T, BASES%R
i 1710 R ELIE A .
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HUR BEBUR X, AR 6 A 5 B2 L U fE . Python I @ B — M T L ME, H
LT ARt S ) O UE R BRI A e . AR 2 B Et A, iR Python LAY €1 EI
H e I LB, HFORFAFAERT A g 0.1 B e AT UE, EREURED:

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

T8 RN EEG A B0E 2, FrA Python 1§ (7 B BRASAE AT AR Z WO BEIR , SR & AR U(E :

>>> 1 / 10
0.1

— BB, HEIR B B AR AR ER 1710, (BEIEREF R BB a8, feds
TR HE SR B

H W E A FFZ2Z AWM T oM ¥ LR — M &R
3 O 4y #. B oW E: # 5% 0.1 F  0.10000000000000001 Al 0.
1000000000000000055511151231257827021181583404541015625,#H 3602879701896397
/2 xx 55 3 Rle HAE AR T A B A R RO, AR — R e T AR, IRl

eval (repr(x)) == X
JEs |, Python {42/ 5 JC (prompt) HLEJEE Y repr () MU E SR L EBEWI A 17 18H R

0.10000000000000001. ¢ Python 3.1 fitfF4f, Python (FERFAMIRS L) BiAee&E IR H A
O E B RE 0.1,

VERE, SRR ARRORFE, R Python (R (bug), SR RMEEROSR. HER
A B RO, N & BRI 00 B R (HEAAAT SR o 2 TR @ B
WiEE, AR BTAT B S e AR )

(EIR S 1, PR 7T REAE 2 S Hs (¥R 5XAL (string formatting) (EVAE R 1) A2 3 :

>>> 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"

WTMR—REENE, ERIEERL, PHERr e L5 (R FAE S AFIE RS ME T &
a1

BHELIEREGELE N L8, S K[, 0.1 N2EIERY 1710, =8 0.1 BYMEH N, A E(E
HEREER 0.3:

>> 1 4+ .1 + .1 == .3
False

[A] IR 0.1 AREFFEIRATRSHERY 1710, 34 0.3 ABEF ISR 3/10, FHSEM round O sl
AERgHE):

>>> round(.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False

BESR S P R MM RS E S, (H round O BRI ABFR BRI AE By, —2, K
TR 14 S gl 528 A T DA ELAH e -

>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

TIECOF R MR R 2 B . IR [FORERRZE] B, R T T0.1) MR, W
SR P H At L R S SR B IAR T PAZ: % The Perils of Floating Point (725804 E %) -
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Al SRR B A, T3 R A R B . | AN, RS B i 480 | Python 11 float (3
B EE R, RIGT B R IR, MAERZ BRI L, B UGERE R) BE HE N g R
2%%53 432 1. R EZHIEHAREC &M 2E, ARFERME, BEHEE0EE, &K float
TR AT RE B R Z B B A B

HESR TR BT ARE BOAAAE M, (I EE R, AR FOR R A R BURME, PA g R
AZETEMR A, AREW BRI RTERMAS R, str () BEELAEN RER, MEAETEAER S, 7]
2[F] formatstrings T1EJA str. format () method () MIAEZHLE .

SN R v - R VE R I, ATPASR 2 decimal BEAL, T AT EEME A e i AR o B s
e 2 AR A e o 5

A TR HEE A SR fractions BiAL, sZMALE A BREORE/EESE (LAl AOKS iR R
1/3 ERERBE )

TR B B S AN, (RIEREE — & NumPy 47, PAKH SciPy SER B FF 2 1A SR AN
Bt ELEA I HAL B . 5521 <htps:/scipy.org>.

HEFERWEET, #ARE a9 B0 — M foat fYKS #E {5, Python $24tf9 T H Wl 1% B i i, float.
as_integer_ratio () method 7] ¥§—1f float [H{E % RE44:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

HIA % AR Y, BT IR P B G (-

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () method PAT/NHE( (FEBAE) 16) Fi float, —HEATRAKS H AR 11 BB BT (o A P (L

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

TE A R 7N HE LR TR AT A HE L E 2 float {:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

IR 2R R MERY DR AR AE AR R A Python 2 I A SE @R MU (B R RECTFH)
SIS IRAH RS SUI HABRE S (A JAVA 1 C99) =2 [EVg kL

A MM ITARZ math. fsum () WA, REERHAARIR BT EV DS FEBERGIE G . 5 BfE e n 2 B4 T
R EHERS, B ERE) [RERAIE (lost digits) |. 55 1T AR BHBGEA #EHERE S (overall accuracy), ({15
RZE AN BRI SR B 5 B A R E R R -

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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15.1 RRERZE (Representation Error)

A e AR [0.1) mol T, [EEWIRE O SR R O TRER . DA IR SRS it
(LiF BN RO BT

Representation error (FniEii2e) RIGEEEWHEY, FL (FE L2 R2H) Tt/ NEES R E
MDA 3y (EEEE 2) /NEER, 542 Python (5§ Perl, C. C++. JAVA. Fortran fIH A% @4 AR
B BUR VRIS PORE VE a f er ) E 2R A

[EHHEIE? 1/10 SRS HERL A—M8 — 30/ NECRFIR . 24 (2000 4F 11 1) #FFrf s s
{fi ] IEEE-754 J7 B BOE AR E, [F1H AT FTA 1915 #8A IEEE-754 £5fE ¥y [ 4#/% (double precision) ]
He#@[E] Python (1Y float, 754 double £ 53 (UKL, FTLATEEIARS, SIS 6% i 0.1 MEF fkin
W8, VAJI2**N WIEE0R, BE J IR 53 ATy RS, I DAY :

’1 /10 ~= 3/ (2%*N) ‘
FERE:
’J ~= 2%*N / 10 ‘

A2 E] J AAEHER) 53 o0 (B >= 2%*52 fH < 2%*53), FrbA N B)RAEHEZ 56:

>>> 2*%*52 <= 2%**56 // 10 < 2**53
True

HHY, BV IEEA 53 A, I S56 e N ME—{H. T J fef TR BE R KGR i AR BT

>>> g, r = divmod(2**56, 10)
>>> 1
6

HRA AR O 10 fBY—2F, BT DASREER 1 (oM e i i (o2 i 45«

>>> g+l
7205759403792794

FEPA, TE 754 K5 RER ) 1710 A ME 2 -

’7205759403792794 / 2 ** 56 ‘

A5 TRV RERIBR DA, &0

’3602879701896397 / 2 ** 55 ‘

AEERE, HURFRIMA G, PTOAE BB BIC 1710 07 —86 WUREME AL, ROk &A BNk 1710,
(EFEALAT S E NN AT RE 2 4% 249 1/10!

FreA RS TERENE [HF ] 1/10: ERBIM2 LIRERIHES 3, tust 2 B RE1F 21 754 double s fRUfH -

>>> 0.1 * 2 ** 55
3602879701896397.0

U % 70 WA 10%%55, MW AR BIRZAELA S5 R it o 87 B -

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

T8 R AT AE 55 IS v kS VR S0 2 A 1157 4 0.1000000000000000055511151231257827021181583404541015625,
HHBUR SE R ) T B, 2B S (235 Python (5 IR AR ) S4B 45 S & A B 17 (EA A1 8

>>> format (0.1, '.17f")
'0.10000000000000001"
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fractions fl decimal BiMIREMIE LRI AT A S :

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)

Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), ".17")
'0.10000000000000001"

15.1. FTRERZE (Representation Error)
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cHAPTER 16

Bt [

16.1 EEiER

16.1.1 SERRETE

TSR A, BB A A RS R A HEE . A H BT, BRI FHRUR T W
B A AR SR, EAEE HHEE R AR Bk AR . (1 except FAIHE try BRI A g PEIK)
BIAMEBTERE N AR5, ) ALt 2R En, SBEEZRY ; &S RERA—Z A —ik
IR IEE] . A R SRR AU AR B AU SR 5 AT TR A 1E W AR
] E R FIOCE R R FOCM A R B o0 (B 2 Control-C ok Delete ) & HUH#iAERR [0 3] 342
%j{;l:' TEFRSMATHE A — P, ©5]% KeyboardInterrupt B4, {HAIDUEBE try Bk
RRBEHE

16.1.2 T[#{THY Python [EJ&

FEXE BSD {1y Unix %45 |, Python [EVA T AEHAT, #ifR shell [ElA—hk, G HCE AT w47

’#//usr/bin/env python3.5

(e P paTa I) (EEAN MDA R — W THATHEN. +1 LU A
ERICP -, 35 E A Unix BEUIEAT O \n” ) R, TS Windows O \r\n® ) [T ek
B, k0 JRE Python th B HTEVR.

W PARE ] chmod 5 A EIEAR T nT B TR sl HERR .

’$ chmod +x myscript.py

& Windows R4t I, [ [T BHES. Python 2R B . py H% 8 python. exe
BHELEZ, @k % Python Ml rEDIEIAEST, RIREA BT AR coyw, TREEELT, WHEH
BURF ] 15 10 77 6 B

! GNU Readline £{7frj— i it B rT g & FHL 1135 — 2«
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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,

15 (A 52 U7E B AR Pl i, 3 Python FR[EVAS Hr i BUE & F, WA AN Erplsii, ¥ -file: /dev/iy fE
84 1 AR IR R R € (5 IR B R H B . BfEAT H BRI — 4 25 H LT,
B P F s import B9 41T PATE BB A M BR e s i o AR 0T DATE B AR R el s# sys . psl
Ml sys.ps2 FEHIRFIT.

WHRARARGE 5w H B BB M BB AR, (R AFE SR EE A R P B if os.path.
isfile( ‘.pythonrc.py’ ): exec(open( ‘.pythonrc.py °‘).read() HEE=CHERR EEBEIT

e QAR E—E A b N B, AR HTEEAR A e b I3 R

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 E[F1LiEH

Python #2447 WifME)] T (hook) FEARFI AN EXENL: sitecustomize fl usercustomize ., BWHEE
SEABELER), e e Z AR BRI site-packages [ E . [F1E) Python [FE 175 BrREA M

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages’

BAE, EA A% B Eh Al — 4 usercustomize. py FIHEER, [ER AR EMEAB AR .
& 52 Python [{RRRIFIY, BRAEE DA —s BEIEEIB) PAZE ] B E) import .

sitecustomize WYEAE K XM, (HiE# 2 H B BB 7F 41 site-packages H [EI' N fl &, [Fl7E
usercustomize Z Jj import . FEZAH2(E site BT M.

I3
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>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
o ATDARIR:

o e AR ARSI . AE— S ICIC R 2 E AT (delimiter, BIANSESR. J5fE9%. E45
SRE=519%) [, sRTEHEE — R E/ifR (decorator) 2 1%, ZH AFRAHERS, HH)5 shell #
/I TH L Python $278°FIC.

o FF# Ellipsis,

2to3 {334 Python 2.x s HEIE) Python 3.x L MEAY THL, & 3 B4 AL ZEHE A
PR 10, T 32 L R AT DS T S 30 T BT At

2t03 7E A MEHER X FE DA Lib2to3 Bl A s B3t 7B 1 i A8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (MIZAEEHIE) M EIEHE (XAE ABC) R4t T e R MM ik, 1
Elduck-typing (W F2UE]) MH7E. HABRERI AT, B2 hasattr (), HIBHAER A A5
IS5 R (40 B JBE AT 7% (magic method)) . ABC [EJ A [EJ#ER subclass (F4HE]) , B MEIARER
H % —1{# class (FHE]), HA5A 4% isinstance () K& issubclass () #i; sH2E abc BALRY
[EIHASC 4. Python 45 ¥ £ [EIE ) ABC, HNERIEER (F£ collections.abe i) . #F (£
numbers i) . H (FF 1o B4L) KX import FAFAR AL (7F importlib.abe #i4). &
ATPAE ] abc B4 AT 3 O ABC,

annotation ([EJff) —HELSAEL. class BME. pRCAY 2k ml AN BB O AEE) . IR, &0l F ARAE
[Eltype hint (BIEFHER) .

AETEATHE (runtime), [ 3a0 8 SO (ETRE S0 A7 B0, (HASImis . class J@ MMk X0 R, o0 (Elk
RETFAERAL. class FIBFAY __annotations_ 4SFRKEMEF.

#52[Elvariable annotation. function annotation, PEP 484 F1 PEP 526, i5S0EHi ¥ I aenyEIH .
argument (518() IR IEBLELR S funcrion (Bimethod) B, 51 %CH MfE :

o Bl425 7| 8 (keyword argument): FERRXIEN | PLERE)ISE (identifier, 4l name=) BHHEMIYE | L,
o2 DA <+ 1A dictionary (F4) BB EIERS 3. B, 3 F 5 #HIZPAT complex ()
L] o ) [ 5 |

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): AJe B4 5 WG H. FUET | BOTHE— {05 B LA E IR E
B, A (2) fEE * 2k Wierable (PEWCME) PTHOTCHEBER. G0, 3 F S HRLAT
RN IVATCIE &

complex (3, 5)
complex (* (3, 5))

5| BB o A e R B PR [ oS B, R SCILIE R i i AR A R, 5 2] calls i 72
g b, ARAE S AR T AT ARG s — 5 18 HRPAS (B o 6 [ s 0

Syt 2 ORI parameer (Z280) W&H . & REETH5ER2 82 ML, P& PEP 362,

asynchronous context manager (JEFIZBINBIEMEY) 0] DAFEH] asyne with BUAZUH B FUEREERY
Y, MERBRERR _ aenter_ () fl__aexit__ () method (F7¥E) Ke=Hli. i PEP 492
FIA.

asynchronous generator (JEFIGEIEZS)  —{W & Bl {Easynchronous generator iterator (3E[R 2 E14E #EEM
%) . EERERGE ML async def EFIW AR (coroutine function), {HAS[H][1) 2 E Al
HT yield #EEX, BN —RIA IR async for EREAYHE.

B ATHEE 3 AR F R — AR R EA g ek 2, (B, AR FRER FEA BERX
% (asynchronous generator iterator), #—RFIEN) B ERENERE, IO A 2 LAMHE, DABEIE;
.

— AL A EVE 2SR AR await BRI, PAK async for fll async with PR,

asynchronous generator iterator (JERIZBEI:ZSEUREY)  — 1 thasynchronous generator (1R 2 [E14: £%)
PRI N R

& & —Masynchronous iterator (FEFIEENLAE), B EDA __anext_ () method NPy, &r[a]{EH—
T % R4 (awaitable object), %I ATAERIAEEAE S AR 0, EEBE T yield
i yield ErEg R Miie )y, Rt BHATRE (O s 8O M E 1Y ry BAR) . BaE
R FEA BERE LS P __anext__ () EMEHF ] SEEY A RO IR, & a5k rib
FHEEAT. 752 (E PEP 492 f1 PEP 525,

asynchronous iterable (JE[RZLnf[EfCHIfE)  —(E(F, BRIPATE async for BR= PR . SZE1E
B __aiter_ () method [E|fE—{E asynchronous iterator (FE[RIZENLES). B PEP 492 5] A,

asynchronous iterator (JEFRIZBEMRZS) — M E/E __aiter_ () F __anext__ () method [¥ 4 {4.
__anext__ /A [l — flawaitable (W] % F5 ¥ F) . async for & AT Ak [ 4 B 5 1Y
__anext__ () method Fr[EE K AT ZGM1F, HP|'E5|%E StopAsyncIteration 4, Hf PEP
492 5| A

attribute (E1E) — 8 S CFAR BB, A% EAEZE I B T 36 20 i FE 35 (dotted expression) 1444 4
S BN, WERYICE o B — B o, RIFZEIEREDL 0.0 2 1K,

awaitable (WZEfp1E) — P DATE await SEE PR H . BRI — W coroutine (THFE) |
BE—A __await__ () method [g¥iE. ¥ #2[E PEP 492,

BDFL Benevolent Dictator For Life (#%E{"25M %), X 4% Guido van Rossum, Python #8II3& 3% .

binary file ( “HERIER) —(FBEEEBURIE A bytes-like objects (AN TCALEE W15 ) 1 file object (K& = H15:).
THERIAE R T AR ("rb ., "wb ' 8 'rb+') BIEAE S, sys.stdin.buffer,
sys.stdout .buffer, PAM io0.BytesIO fl gzip.GzipFile .

st 2 Elext file (SCFHER), ER—EEEFRAMTA str WIREED 1.

bytes-like object (JAfLICALERYITE) i 7 3% bufferobjects HEEEIRE H C-contiguous &1 [ AHI14. B
B bytes., bytearray fll array.array ¥, PANFHZH RE) memoryview Y. %H
AL TG ER P 4] 7 S P e ) Rk ) A T A O S AR AR . R R AR R
socket (i) #Fi%.

A UGER TR R R W . B SCUREE EE e R TR R AT R .
]S AR P 4% bytearray, VAR bytearray i memoryview. HAK)#A 20 i
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HEOR R AAAE A T S (TMERE AT R D) s e dE bytes, PAK bytes
YA memoryview,

bytecode (fiiyC&l#5) Python FYJF4AHE € bl 4 A (7 JCALAE, ‘& J2 Python #25X7E CPython % &% K
IR NS e oy fEEY, DAHEE TR A R BB E sk (]
PAAS FARE S5 4 1085 T s (E) (7 AL ) o &8 [P 1555 (intermediate language) | {8 [EE# A 74E —
virmal machine ([E¥EMRS) I, szEERRS S BT BAE AL CALAS 35 E AU M 2S5 (machine code).
BVERR, AOCALAE R 2 VAR R[] () Python [FIHERE RS 2 BEVER), AN BETEAN [ A1
Python 7 [ R 558 E

(LTI 25 2 n] PATE dis ASTAH R SO 4R 3
callback ([IMF)  VEE)S | bl R ¥ — I FIAESX (subroutine) B, 5 ARSI A IRy T BGBBUA T -

cass (BE]) —8 FH A g 7 & E RYF RN, Class /) 5 3818 % & {1 & method 1Y E 3, B4
method FJ PATE class it L (51]_L 3 f 7 #4

class variable (JHEIS%) —fH7E class i se, HIMERZLARTE class G (FEEIANIETE class [ ECHIH)
ARG

coercion ([EJiRIMR)  7E9 K (AR 7 ZUE)S | oM R by, R — AL [El gt 5 [E)E) 55— A [E Y
FE=CH(E] (implicit conversion) /2. i, int (3.15) GAFFESEIERES 3, (A4E 3+4.5 11,
TS B AFERRUE (—18 int, —{# float) , i M 5 | Bob HAE B EIEIN [ i 2 El2 421 5k
R, SR @51 TypeError. WREMGEIRIEAL, RIGEATA M5 MERES M2, ML
TP IERUL (normalize) EIRHIFIAGE, BN, % float (3) +4.5 MIAREH/E 3+4.5.

complex number ([E#() —EFMPABME BRGNS, 1EHTA BTG o2 [E— 0 5
EER A, [EgogeEEEEAr (-1 P m) MRy, BB HEREP a1, T
e Ri(E] 5. Python [Elg 7 EB X%, ERMEHWRIEAREREE; ERfafiE—mi
B 3 WEES, BN 3+17. A math BUATRIR THASHO0 N RER, #FMEM cnath 4.
%E@g@%rﬁlm%ﬁﬁﬁ%ﬂﬁﬁgmﬁ& WARAREA G E S e MR, ARERCT- REREE IR T DA%

A e,

context manager ({HBEFFANE) — M T A M with BRI RESNY M, ME L2 BEHER
__enter_ () fl__exit__ () method 4HIN. sH2(F PEP 343,

context variable (%§5i88%) sl HALT DAREE BN SCAOESE A BRI . 8 SIS A T 44 [ 3,
fi# 17 [% (Thread-Local Storage), 7EH: 1, — il % #E R BMAT A AT RE LA A AOME. A1, B
T, TR AT RE G M, WS EE A g, EEETHIER BB
(concurrent asynchronous task) 11, 3SR EREE]., #52[F) contextvars,

contiguous (VE&N) R —HEE T 2 C-contiguous B2 Fortran contiguous, HI|'E &) g iR [E) 258
HEH) . Z4E (zero-dimensional) f % 1f [ #&& C A Fortran contiguous ., 7£—# (one-dimensional) [#i%1] 77,
A IH H W ZEAE RO 3 AR AR HESY , TR T IE) P2 A P LR IE RS « 78 Z4E1Y (multidimensional)
C-contiguous [Hi#1Hr, $Zac FEHS Ak B NE 735 B A (I H IR, el — R 51 sl R, 7E
Fortran contiguous [ rfr . 55—1{R 25 [ 5 bl

coroutine (Ijfe) 122 EIFE (subroutine) ) — R B [E)EE L. BIRE A2 AE S0 09 el Fl 26k e AL[E)
TE S — R R . AR T DAYE SR 2 A A i e i B ekt AL B A E1E . BAEEIDA async
def BARWEME. Hi52F PEP 492,

coroutine function ([FERAX) [l Eicorouine (HF2) YiFREA. —MHFERXBEP async def
AR Ess, FnJfeefls await, async for fl async with BE. Bl PEP
492 5| A

CPython Python F£=3E & 1 HE B AF (canonical implementation), #{#$7i{E python.org . [CPython]| 18
I AARAELS BENFRE ST, DA AMILECESLILE: # R 20/, 140 Jython 5 IronPython.

decorator (H:ffigy) M=, TERMES MK, WHE G ewrapper 55, BiEHE-—FEH
F1y%E(E] (function transformation), ZREffi#eny & WHiH /2 classmethod () #l staticmethod () »

Fetfian ik LU RRRRE . DA W ek o SRR 3R R SRR

def f£(...):

(N 4kZE)
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(R L —5)

f = staticmethod (f)

@staticmethod
def f(...):

Class HAFTEA RIAMES: , (HAEAREILLEBOR® . B ethigi B 2 M, 52 EmAE A class
SE S IR S

descriptor (FiA%y) (FEFET _get_ (). __set_ () B{ _ delete__ () method HJ¥{4:.
18 class J& 12— HEIARZRIE, MR 451 T E) e 8 A PR R Bl Al L% i/ ab KEN
e o EI B B IR, @ 7E a [ class %ﬁﬂqjgik%m. b, (HIR b 2 — kg, A
HHEE HE R HilA 2% method €y . ARSI BLARE A FLAE Python fYBASE, HWEITMEH£L)
BEny T, SHThEeIEE R . method. J&VE (property). class method. [EJ#E method, DA %3} super
class (SCHIE]) 2.

B A R % method f B AR, 5 2(E] descriptors Bl 4 2 I 157

dictionary (‘y2Mlt) — 1/ B W 51 (associative array), HH (T2 4 88 € g WG 2 (H . S8 ] AT A5
__hash__ () 1 _eq__ () method f¥{4. 7 Perl i #EF3%E) (hash).

dictionary comprehension (‘pUL&iARERY) B A) YA, FIACOEEE-— {0 AT [EUCH 2k 1) AR e R 4y
T, FH ML RA—MFHE 1, results = {n: n ** 2 for n in range (10)} &
EAd:— i, EaE T8 n BEE n »* 2. #2[E) comprehensions.

dictionary view (FZMLE#!) 7 dict.keys (). dict.values () M dict.items () [E{EHY10HE
E St . B3 TR I H ) B R AR ﬁ%ﬁﬁ?ﬁﬁ@%ﬂﬂ%, w2 A e I LiE L s
B, ZEEH g s E s sy List (28%1)), ZEfH 1ist (dictview) . [ dict-views,

docstring ([EIW*yH3)  —{H¥E class. AL b, VRIS — S A B0 FESOR . R EEEN
WATHE G Zms, (e apignEasial, EWOA TS class. pRaNEiEALNY _ doc_ EIEH. H
B 7 E ] L EE)A (introspection) SRIEIER, [ & 2 W04 1) (B IH SO ABE AL

duck-typing (W§FHIE]) —FEREAGEEEME, B EHE B — Y B E R 2 e 2 IE
(AT B AR Z (42, method =X J& 7 @ B AL b gl P il w4 . (TR e Bl Ak — I 1 if
Ak —EET, BEE—E2—EE1. ) HEEFNENIESEEME, KR
A5 RE £ L (polymorphic substitution) A& i & A EE G 1. 18T BUEIE G H type () 3§
isinstance () EETHIE. ((BREHEE, WREITAH IS 2 4L & 2(E] (abstract base class) HEAl
F8.) R, Bl GEM hasattr () JE, SUREAFP BEEEHTEAE .

EAFP Easier to ask for forgiveness than permission. (F5 >R KA HAS ) BEH FAY Python 4§
AR G e AR A R S S R A TE (BT % (R o s A1 T e TR B 91 b o 3 el () LR 1 A
ﬁgﬁgﬁfﬁgﬂﬁ try fll except PR . ZRNELFFZ HANGE S (Bl C) # SAYLBYL JHks
TERL T ¥

expression (FEFIX) B DAREREAGER(ERFEE . EA)EEE, —MER Gt . 48, BT
B, 5ol o 2 S A G A BB, 18 ST AR RE . B AR SN A
52, [EHEFTA Y Python 555 M # 2 A X, 74N —Lsiatement (BAZR) RREP A EERA S,
BN while. BR{H (assignment) #0 2 BA, MA@ E .

extension module (#fFEEE41) —fE DA C 5 C++ S B A4, ‘B H Python ) C API HCEEAZ. 0 K (i &
FEUAG AT 5

f-string (f2ip) DA £ 80 'Fr [ERI0 FEE SO EBREE [f 78], B R 788 SCAR I 4
5. HiE2[F PEP 498,

file object (FSWft) — 10 3 (i 1 & 5 @4 2 B i (file-oriented) API (1l read () { write () %
method) ZREEVEIRIE EIRAIYI 1. WRIERE R Y Ewid i 3, & nelE o o 3 2 B i 2 5t
RHAER W e Ol RS (B Es A / . RO S R4 @ . socket (JFiJE) . E(E)
(pipe) %8) MITEHL. HEEW I WREEI 348 £ 4t (file-like object) B, % 37 (stream) .

TEE, A =RERWIE: JFARE =& R4 5 SRR =& Sl RIS A . BEMRTIRAE Lo
BAL P BE SR @jﬁiﬁé%#lﬁ@%?ﬁﬁﬁmﬁﬂﬂ open () Mz,
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file-like object (KK§RWME) file object (REFRPIMF) HIFRIFEF .

finder (S4%Y) —MWYH, ©E&EREIELLY import (BT K loader (BALE)
¢ Python 3.3 F';ﬂﬁ ARSI Y SRAR RS LIRS F 4 B (meta path finder) € {#i ] sys.meta_path,
Wisk 1278 B F 4 2 (path entry finder) €fiff] sys.path_hooks.,
w2 PEP 302, PEP 420 1 PEP 451 DA T f# 58 £ 411 .

floor division ([a] FHUIERR:) 18] N SEARF 4y 25 B dpe e U S B B B2 [ vk . o) S BBURE R 1 B T 2
//o n, A 1L /7 4 WEHEASRE 2, B float (JRERED) ERIEFIRIMER 2,75 RE. @
HE, (-11) // 4pEEHRRE -3, HER -2.75 #ié T EEA4E%. #H2([E PEP 238,

function (FAX) —HHAIBIARK, EREE R0 R L, B0 A EESEK M| &, &
Eb%l%f[—f%ﬁﬁ}fﬂﬁ/\@’tﬁ AT . BEE2Eparameter (2¥). method (J7#:), PAJ function 2=
i o

function annotation (&X[EIF% ) PR —tﬁ%[% [EMEAE [ — @ annotation ([EIFE) .

Fg;ﬁclﬁl_.%%ﬁﬁ)ﬂ RREGR T g, EEEEY a2 WA int 518, Elgf M int [

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

pR S ER W A function ZEE0A FE AN RAE
st [Flvariable annotation 1 PEP 484, Y45 W IhRE iR .

_ future__ future [FiA: from __future__ import <feature>, €15/ E s {d FHTLEAE Python
*Klﬁ’ﬁﬁ?ﬁﬂﬁﬁ-‘*ﬂ%ﬁi.ﬁ{ﬁﬂﬁ EYREEEER, ROEERIRAL. 1 __future_ MRALHIGEE T
Jeature (Fh%8) VIREMIME. il import JABTAH S A BORAA, VRVT AR BT Tl BE 2 (TR 1
W\W%ﬁiJ?[JEE%%% , PAEEMR e (e ss) mlETEZrIhhE:

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

garbage collection (L) HFCIRBNTIROE I, MR @A . Python BIFTHIR AL, 2iF
i 2 BFH (reference counting), DA K — {18 REIEVRS I I v B 2 G B (reference cycle) {1447 R4 [u]
Wi (cyclic garbage collector) HC5E . s [l Wi AT AGE T g o MLAH 38 HOgEA T2 -

generator ([E13y) —ME € [ml{Egenerator iterator ([EVEZREES) BIR. BEERG —FHIEFE,
EARFRKZEEET vield #EAN, EAE—FRSWME, S2E AR for [EE, 5i/2PA next ()
R, BRI —E{E.

T R AT RERE AR R — R gl (EAER LS, e FonEle SERE. %
B EAENGEEE, At g, DAk,
generator iterator ([EVEZSEURES) —(fthgenerator ([F1A4%) R FTEST YL,

T yield GEERMAR)Y, EIRSEMEIITRE (G5 BB E A uy BAsC) . (T
)lﬁ IEH’EH% G L A AR AT (BRI VA I IR B T B A 14 R 5 P
Ifl) .

generator expression ([EV/EZHERR) — e REERSERN. EEERG —MEFERTRX, %
WM for T4), w e T EIBSE M. &E AL — M BHN 1£ Fh). ZAeEE g
(150 e i E A 22 {4

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (JZRIFRR) 8t 20K XA R, 5% 68 20 B8 W] i 2L EEC VA R B 5
W30 ] e PR B4, =2 el A BE U S9-94 (dispatch algorithm) 2R(E)E .«

a5 [Elsingle dispatch (—3HR) #aE#RM5&H . functools.singledispatch () Hffifefl PEP
443,
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generic type ({Z2%I[F]) A rype that can be parameterized; typically a container class such as 1ist or dict.
Used for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL #2[Flglobal interpreter lock (4=3H 2228 8H) .

global interpreter lock (X FLEANEH) CPython ELyRa B (E I ROMEH], I DARREGRAE CHD A — L T 4%
REELTT Python [)bytecode (fiICALMG) . FHMMEY AR (LIEREYERME, dict) HEjH
WEGETAEEL (concurrent access) [ fG kg, AT T ARk CPython AU B/ . B E MM ELEas, &l
B RS 25 5 IE1 2 34745 (multi-threaded), {H A 2 S e 22 i LR A 28 BB EJ B AL i) — 38
447 (parallelism)

SR, AT, M BURE =0, MR AR T I A B ) S R
(computationally-intensive) FJfLHHE, W DARRIGE GIL. H4h, fE8AT VO W, GIL 44 2 Erpfiiis:.

W EEA A (MR ATAr ] B (DAUE R PR A S S R B ) 1055 I ER
U1, WEFE—Bi E— B E N, ARk . —GEE, AEveloa e mE, &
FRSREIRERT S, AT S o A A AR

hash-based pyc (#EEZEHEN pyc) —fEALICALAS (bytecode) B4, e (8 F AR ENE TS /& B R AR 52
IR G ERE ], AR oAt 55 2(E] pyc-invalidation.,

hashable (W[ #REI) G S8 — 18 4 12 A — 8 5 B, 3% (A HAE B ok Aok (BRE—1H
__hash__ () method) , HA[BLHABY ALK (BEFE—F __eq () method) , HEE
AT 2B . el REM S 2 T 3 2, &AM 0h e M R ) A M

FAEEI: (hashability) ffi—{@4 477 HI{F dictionary (F88) A set (F£4) WA, HELELE
HE e SLER O A T AN

K2 BH Python A ] S [F A (450 2 vl #EEIR ;. alsfzcas (B4 list 5 dictionary ) [FIAE; A
g ZE e (10 tuple (JCAL) Al frozenset) , AR BN R EEN, EMA & A 2] 5
Ef). 2R E B class PUEG, RISy eru R E R 3 ER . T FALE A LR
BAMEY (BAFeME g i), me MR E 2074 8 e Mg 140 .

IDLE Python [ Integrated Development Environment (%% £ BH888E1E) . IDLE 22— F A 4 s Fl B2
#RIRNE, "B Python [FEEMEREATIUAS — R 9 F 1L

immutable (An[5EWrE) — @A B EENYH. STEYEOREET . T8 wple (Jodl). BEEY
P RARRERE Y o AR — O R (LB AT, MBS, — R e . e MAE TR ) E
EWEIH T, R A 6, B0 dictionary (F2HL) Hrfk—(F

import path (FEAREEE) —EAE (4820 ) MFIER, AR Bl ErE import BN, & #iparh
based finder (F:RAMARFMES) AN E . 1F import IR, M7 EFFEHEZHRE sys.
path, {H¥AT-EM (subpackage) M5, TWAHEEHKHKEMM __path_ BE.

importing (FEA) —ffliffE. —EBALH ) Python FxURG AT AR AR, 1) — AL i) Python

RS -
importer (FEAZS) —MREES K LMABAYIT: BB inder (FH#7) Widloader (BAZ) P
k.

interactive (FLBhI)) Python A7 H. B E s, &7 1T DATE LR i B 7 0l A BRI ORIE
F, STHATEMEHERI EMmE R . REES) python, RATHEALMEIH (ATRERE b 7R IR
REM Y RN ) . B R RBUIT SR AR A G R R EEIR % (RS help(x)) .«

interpreted (Fii#ff)) Python &—FEERERET, M AR T, N ME S TR Lo, WEH
RETCALE (bytecode) Ak HIAFAE . TG IS W] DA R BEEA T, AN WA A 57 5 —fllh
Fiid, METBATE . B S I sl S A R B / IRESE], A e Mt UE
EATIREANE . i2Eineracive (HEH))

interpreter shutdown (ELiEZ5BHPH) 7 Python ELRaSwi ZURBHPARE, B & —MEFRBYE, fEIE
W RE I A W B AR, B AN A TR B S R AL i . Bt & ZRIEN 35 e le %5 (garbage
collector) . 1a AEEIfEEE i F & H E MR ER 3K (destructor) B 555 F (1) [a] IF (weakref callback), (I3
P AR . A B PR P BB AT R A il B A AR 151 40, TR B e Fr MR A S R T BEAS T 1
T (R E T pa X AR A a2 i )
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HARG B F 2P, 2 __main_ BUAHEIEROES T EA S AHATE .

iterable (WJEfCHIPE) —FEREE— k[l e b sl S92 . RTEM P00 )45 T 1) 51 B4 [E)
(82 1ist. str Al tuple) A LEARFARIE], B2 dict ., 4 1, PARARIIE FEAYITAT class
Y, HYERL class A _ iter_ () method B2 B VESequence (J74) FEEM _ getitem_ ()
method, %W {45k e v IEUC 14 .

AERY R AR for [FEAF 2 HMFZE—METHIHTY (zip O map ()...). FH—EATEY
RS | R A EE M iter O K, EGERZYERE—EERS. tERE R e
—HE AT (one pass) JHIE, (FHEER, WEHEA—EZFN iter O SiEFTERERIRY
F. for PR G BB MEWREIE LS, B G — YRR R 2 2 8, FATEEE A
BB, Biislieraor (EUREY). sequence (JF5) Fgenerator ([EIAERE).

iterator ([EMCEY) —MFERERRNYE. EEMHPEECEEN __next_ () method (2T EIE
#EVE R next () ) KPR E R P IEE o 5N A G R, 1 @5]% StopIteration
Biloh. vely, ZERGOFC AR, MEAEE __next_ () method fif—20FnY, #EH €
PR % stopIteration, [EIESMNZEA M __iter_ () method, & & {HEEYIFAE,
AR EMC 2t v U 4, AT DA A K 22 B A L T BV S R 035 A . — R H S0 151
Ah, B ZEE (multiple iteration passes) fFEZNHE . — (AR (B 1ist) ERTRAHE
A iter () HRaNEFE for I TRE, AREEE—MammERR . 6 HERS Bt
ijﬁé{ﬁﬁ) e, H g AT s EMC R A . R e s AR ER S, HAER
WS A

£ typeiter SCHA] AR B B 2 &

key function (ZpA=X) k=i 3H)F ¥ = (collation function) & — 1 B FENY (callable) pE =, ‘& & [a]{#—
{8 FHRHEF (sorting) B8 J¥ (ordering) f{H. N, locale.strxfrm () P AREIAE—# T 115,
e HE B B HE o

Python "1 T H., #4252 DAsE R =R e 2 r s 4 . EMEFE nin ()« max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Flitertools.groupby () .

&R AR S, — (MR . BN, str.lower () method A] AMEEIR4 K/ INE HEF 09 8 R
Ao B, —EE R AE lambda B APEE, fIM lambda r: (r[0], r[2]). 5i4h,
operator BAHFRAL T = 1H 8 bR X B RS R =X (constructor): attrgetter (). itemgetter ()
methodcaller (). BT E LA ek i), w2 EnfHER .

keyword argument (BH3tE5|8) #52Eargument (5]38).

lambda i ¥—expression (GEF L) Fra ) —1# B 4% 4 7[E)p6 X (inline function), 7A3% B xCHE MY R SR AE
#£7 lambda B FEYE 2 lambda [parameters]: expression,

LBYL Look before you leap. (= JEfi&FT.) 154 A% EE Erve A e sk & 4k 2w, P AEb st e E gk
. BEEASEEAFP RS, B eaTL 1 b,

E—EZRATaES T, LBYL = A7E [ =8 Al [817] Z M5 A T 8iEW: (race condition) [
JEBE . BIINPA TR if key in mapping: return mappinglkey], WHH —ERFTLELE
WA Z AR EAEEIRZ FI, 4 mapping PREIRT key, WIaZAE=UHGRE € 2R3 & 18 P AT DA 8 (lock)
B EAFP %ifif§ 7 U A#(E o

list (:#351) —fH Python [El@d¥sequence (J¥51). [EMFEMA TR list, & HETFRIHALRE = P iy —1#
W51 (array) A G — 5455351 (linked list), FHIEFFIROTR RS FHEREEZ O,

list comprehension (HiZI&EAIERY) T A AOERL— 7 51 B PSR e R, [ ELAS DA {1
list [FMEMEEE 7Yk, result = ['{:#04x}'.format (x) for x in range (256) if x %
2 == 0] GEAEFH list, Hpad o5 255 @EE, g e 7S f# 0x.). 1 74
SEEEEEERT . R E, H range (256) PITA TR G HIERL.

loader (HAZY) —MEEEALANDIIE. BUHEEFE HKE Lload_module () 1) method (J53%).
A R inder (FAgeE) PIME., WA ZE PEP 302, Bjidabsract base class (#1525
JEHE), #2([F importlib.abe.Loader,

magic method (AT J5i:)  special method ($55KJ5v5) BO—(8 AR IE =X W) 25
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mapping (L) —HERY M, ©LXBTEHENA R, FEEE{F abstract base classes (il 5 3 IS8
[F)) &, Mapping B{ MutableMapping Jf$5 € ) method, #iffl 4% dict. collections.
defaultdict, collections.OrderedDict Ml collections.Counter,

meta path finder (JCUEIESEEY) —HEEHE S sys.meta_path MEIEK finder (F44%). LG H
M pSEL YA AE 38 B S48 22 (path entry finder) FHB{HEAH .
BTN TC IR R B A EY EEAE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JCHAE]) 7 class [y class. Class & F&ifFE & @1 class 8. —{f class dictionary (F
i), PAK—1{M base class (£ JICHIE]) 1495135 . Metaclass €1 515528 —f 5| 8, (B 3% class., KEZH
A RS o U B - BRAYPAE . Python FOAHE) HEAERC REIEVA 3. F THY metacass,
SR B AR TTE TR, (R E 2R, metaclass 7] DASRAEEIR AR MRE T &, B/
EWH BB . B T s e et BEW ST BB (singleton), PAKFFZ
HABAIATHS o
T %2 &5 A DATE metaclasses 21 14k 2 .

method (Jjik) —{H7E class AHSERE e ek, 1R method FEEVH class BE 51 i — B gnpnd , H
TS 2 3 B Y R E S S — @ argument (3]35) (5| Bl HHEE self). sH2E function
(BR=X) Fnested scope (ERVERIEL)

method resolution order (J5EfRBTIE)T) 5 VEARA NE 7 R 7E 2 4k H Al i B G R, base class (FIRHH
[F)) P2 MET . BRES 2.3 iU 4, Python EL#ERS TG i L AET, #52(E) Python 2.3 it
D7 YRR Y o

module (Bifll) —{E#E{E Python F2£xCA 1 4H 4% B0/ (organizational unit) (W4 {4 . LA —MH a4 25 [,
TSR Python Y. A EFE himporting BiAE, ##E A 2 Python,

nazEpackage (B1F).

module spec (B&HHIRS) — M2 2H, EE&HREABAR import M &il. B2 importlib.
machinery.ModuleSpec [—1{# & Wl .

MRO 3#2:[Elmethod resolution order (J5fRATNETE )

mutable)(ﬂ%%ﬁﬁ) AR A E T, AR EMR 14 O o B2 Eimmuable (AW 5
).

named tuple (Fff#4C41) 735 [named tuple (Fff457C41) ) 2354 tuple 4R LA RUEIDK class, H B
A& 7| (indexable) TG 2 AT DA B 4 J8 PR AAEI . 35 SERUEEY, class AT DARAT HoAd AR5

A E)E A2 named tuple, f35H time.localtime () il os.stat () BEFE. B—HFEHAT

fE sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

A named tuple 2 EZEHE (40 EF1) . 83, —{F named tuple 8 7] DAFE—F IE L class 582K
Har, HELG% class @#EK H tuple, HEFR TIAMA (named field) BT, @51 class i PAF T
fnEs , ] DABE A Lk ek =X (factory function) collections.namedtuple () JRES.. HBE M
T — LMY method, 38 4% method 1] {24 T 55 ok ()41 named tuple 1, VAR EIAY.

namespace (fyH2%5H]) SBEPREAIHTT . M 2s M2 A dictionary (FHL) BRECVE. A RN, 2
) M Elg a4 25 W, MAEY s (76 method W) WA HARMI G225 WM. v 25 #E B 1k d 4
e, RN, Fl, KX builtins.open Ml os.open () i B MRy 4 25 H IR
AR i 44 25 T LR o PA DI A 2 W B A A E BV E— (M ek =X, ARGt ] Gk L mT 4. il
40, B H random.seed () 5{ itertools.islice () BfEHIFE R, 8204 FEH random
Ml itertools BIAHIEEAE.
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namespace package (Ar#%iMIEME) —{H PEP 420 package (40F), &I\ REFE T450F (subpackage)
— R v A PR RV SRRy 2k, it FLALB AR PR R — Mregular package (i
AP, FEEMEEG _init_.py EEHE.

2 Emodule (F4H) .

nested scope (LK) REEIZ: M5 E 5% (enclosing definition) HYi S B RE Ty BRI, —1H e
XMARAE T — MR e s, WEERE2 Mg M. @i, aHzEET, 3
RATE PSS A P 7 2 O, T S P o [t S A BT (R A Pl R R A TRV, 4
IR R TE A 4 S U BT . nonlocal AFFEINEME ST EA .

new-style class (BiXME) — 4, EEIBIENA K class P ¢4 B 6 1) class JBAS . 76511
Python it HAA B class 74 GEff ] Python BT . ZHkITIEE, %@ __slots__. ks
(descriptor). J& 1 (property). __getattribute_ (). class method (¥H[EI}3%) Fl static method ([EF]

eIk) -

object (¥ft) HAMRME (EPEsfE) RpiEsiirE (method) MIEMERL. B MR fInew-style class
(HiE) A4 base class. (FEIRAHED) .

package (£5f1:) —1{W Python module (#£#H) , B W LA & THL4H (submodule) 5% 2 & [EI ) 1 & 4
(subpackage). FHT LT, Bl __path__ EYER-—# Python #i4H .,

W2 Flregular package (IEFEA:) Flnamespace package (fi44 23 .

parameter (Z28() Frfunction (PRZ) B{ method FFHF AT —1H 4% EHY (named entity), ‘BEF5HA% K FE
[Elge 2 ) — M argument (5|9), BifrFLefEE RN 2 M5 #. HAA TR A Y 2 3oE

* positional-or-keyword (7B e BT ) FEIH—(8 Al PAd e 4 B al R VEEIR 42 7 5| S g
518, EeSMTHBEE, FIanPA TR foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only ({EFROZE) : $5H]— M A BEHL I AL EARBLA T | e, 7E ek e S 2 80 =
WM /50, wnT DAERZ 7 OCHT T E SR IE RO E 2 8, HIANLAR i posonlyl 1 posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

 keyword-only (FEFSIHBETF) : H4H]— (6 FAELA B BRI BERO 3 e, 1206 208 3610 2 051 %
1, 5 f (F 5 M 7 28 (var-positional parameter) s LALY * 78, HRATAE I 7
TR S, (1AL R kw_onlyl il kw_only2:

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

* var-positional (fEREMEIE) : 59 —HBELMERF VIR BL 7 5 | 3 (TEC B 2 2
HEZEMOIET | M2 AN . BRSO ERIE 2 EA T E L~ AGESRR, Bl NY

args:

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

* var-keyword ({EZ¥ER BT ) FEAPTRHRALE S BRI TS [ (FEC gLt 2 Hi2
WA SE 5| B 41 ) o BB USRS BT H N~ REFRA, Bl
Bl HYy kwargs.

SR AR | U B AR s 5, 0T DAE— 6585t 1 5 | R o TR (-

75 vt 2 W5 R Wargument (5180 R H . & W EE DR 5 82 82 MW 2E. inspect.
Parameter class, function 3, VAN PEP 362,

pathentry (Bf8IHH) TEimport path (MEABAE) HE—(EGLE, Wiparh based finder (FEJRBEAER AR
) W2 E AR import FRIA .

path entry finder (PRAEIHH SHGRY) ¥ sys.path_hooks Ht ¥ —{ 7] WE0Y 4 {F (callable) (& B —
\Epath entry hook) it Bl {84 —F finder, "B FI1E QA DA—AWpath entry g iFL4H .

B A IR AR TE B S A 2 B /E Y method, 352 [F] importlib.abec.PathEntryFinder.,
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path entry hook (BfRIHHE) 1 sys.path_hook FFEAH—H AT FFIY {7 (callable), 7B HITH AN
TE—BFFE ipath entry T 3R, I B [ E—fpath entry finder (BEASIEHH FH4s) o

path based finder (FLRERFEHTaGZS) THRRMUIEIE F 48 2 (meta path finder) Z—, B &HE—1fimport
path H1 8 5H

path-like object (B fSHIME) —(HFERERRFHBNPIE. BEEYIETAZ— £ REEN str
8 bytes P, s —MEE os.PathLike @M. FEWIFIY os. fspath () P, —{H
718 os.PathLike W E MW LETT DAt iEEIE] str 8% bytes R RSIELE; T os. fsdecode ()
J os. fsencode () HI4HEIR] AR str M bytes f%EH., B PEP 519 5] A,

PEP Python Enhancement Proposal (Python 34[EJ#£52). PEP & — s wHEIASC{:, & 6EE) Python fH 47
LR, BUEHEIA Python [ —HFT U GRS 3% DI e M AR 7 MRS . PEP M % BLPE (L 1R i 16 A7 AL i
PAS B HE R T e i A R P

PEP (WAFAEH Y, &SR E R AR o R PR 58 . AL o BRF SR B R B AR, ARE A
Python [kt ISR AFEED, 5 Sem Ry - 2 . PEP (/3 2 B st /e pt i B g v sk (e ) S 3
.

#2([F PEP 1,

portion (¥5y) TEHM—HEH) R (WATREREAE— zip Bl) | 15 SURE SR R — (8 v 44 25 TH]
£ (namespace package) T E Bk, UN[E PEP 420 F11EFR.

positional argument (¥ 5[5 2 Eargument (5]4#f).

provisional API (‘947 API) 17 API 248, A2 ek =R Y A 2 AH 251 (backwards compatibility) £ 7%
e, BOEWHERR Y APL, BESRICENE, HEEMAEREE TR, B EER A EAR S E,
R OB N BB B, BTRE e B B AR (RO m) . S
S FIR & M B E—— U7 AP WM A 2 BT R S8 0 B ARG B 2 by, B A &8k

RIGESE A AT APL, [ ASHIZS I 8 ot Gt E) [ B g s ) — S ME e s 3
38R sl AT REHR HH — M T A A R IE 5.
T {30 AR (A A v R X e R 2 R [ S BTt A, T A 2 e T R ) 25 8 A B ) e B
#52[E PEP 411 TR HE Z 401 .

provisional package (¥{7E4}) #&Eprovisional API (847 API).

Python 3000 Python 3.x R AERE (R ALARTRITER), BRFES 3 A2 e Rk, ) ol
PA%EES(E) [Py3k].

Pythonic (Python Jal#kiry) —fEAE R —BAR AW, EMEN T Python 5 e ST ARG, A28
JHFCAbE 5 A A E VAR A . BN, Python PR WAy —REE T WL, 22— for B
B, HEAER A TR TERE . 32 HAsE S DE SRR A, ITAARAE
Python fit) \AT IRy & 8 11— (R et e AU -

H¥

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

2T, DA IAE R . 3HA7 Python Jalf :

for piece in food:
print (piece)

qualified name (FRE#fE) —H [ZoMEARE], BHEURKE — AL S AE I 8] 24l v E 2=
class. PR EL method (1) [#E48 ), 40 PEP 3155 Rl iEFE. HRTEEA KA class T 5, PRES R
Y24 R[] -

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qgualname___

CF i gkss)
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LR
o
>>> C.D._ _gualname_
'C.D'
>>> C.D.meth._ qualname_
'C.D.meth'

RGN, ©ATRE & & (fully qualified name) ;23R ez AR 5 BB 73 PR BR AR, ALFEATART
AL EM, FIil email .mime . text:

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

reference count (ZWGHE) HR WY S RREL & —HPH2 EEHECFFRRIFR, oy
[ Tic E (deallocated). 22 MEF1 G #7E Python FE U HHE AT, (' [ERZCPython B AE ) — 11 B 8
JLE. sys BAEFR T M getrefcount () Kz, &7 antfliml DAREIY 3% o X 2 [l 8 — (i 45
Y7 2 BB

regular package (IEBUEPE) — (@ SApackage (B1F), Hlan—MEa e _init__ .py LM HIE,
Wk 2Elnamespace package (i a3 EEMLE).

__slots__ 7t class [ERBY— B &5, TS B BESEE A B OB M, LAY RED] dictionary (34,
PREGEFOAES . MR TR , (HE A B DA R, S50 O B A ISR A (1] i R e o g
(memory-critical) f) i FI A& = A7 AE R 20 1 2 RS T

sequence (JE§]) —ffliterable (ATEMCHIE), BB _ getitem_ () special method (45K H3E), i
BRI AR ESCRAICEAFI, [EEFR T M _len_ () method ZR[EMEH % FHIHRE, —L
Flz s BEfFE 1ist, str, tuple flbytes, TR, MR dict WH#E _ getitem ()
M __len_ (), {AEHHERE B (mapping) 1fi A5, FIEIHA % X2 0 AL A immutable
HE, MR

% KL H(E) (abstract base class) collections. abce. Sequence E3% 17— 58 L & 1/,
AEIRR _ getitem () M1 __len_ (), ®EMM T count (). index (). __contains__ ()
M _reversed__ (). FEAEMIEANHAEE, WA register () PIIEHEIE.

set comprehension (JEAEAIER) B, A A B8 ol [EA 4 14 b i 438 B 43 ¢
%, ﬂ%ﬁﬁfﬂ%ﬁ%%#ﬁ] set IEH%O results = {c for c in 'abracadabra' if c not
in 'abc'} GEAE—fFF set: {'r', 'd'}. 2 comprehensions.

single dispatch (¥i—3JJ%) generic funcion (ZHp) dEZR—MIEA, (R, FRRYSERZ SR B
— | Ay 2 (E].

slice (VJ)y) — MW, Bl S — Bsequence (Jp3)) MR —iB45r. @ —BYH W2 i
M P EEAF 5% (subscript notation) “[1%, #F¥E4GH 2 M #7, MAEMTZMEH B, Hla in
variable_name[1:3:5]., FEFE9E (A=) £F9EmERB, €TH slice ¥4,

special method (¥§%kJik) —ME € Python [ BFENYfY method, F SRR EIR 7 AR, 40
hnyE. =7 method 144 M & 1E BREEAIAS A W8 T IE[E]. Special method 7 specialnames H175 341
[E18.

statement (PAR) BAXE —HEMH (suite, —EFRXAE TEIE]) Pr—50. PR PLE—
{Hexpression (FEET), BB HHET (Fl4 1f, while 5f for) WIEZMEEHEZ —.

text encoding (3L #i%) ¥ Unicode “F R R ABE N JCAH I — 8 4 R AE 2 (codec).

text file (3C7RE%R) —MREEIAIE A str WER—ffile object (FEEYIME) . W, UFHEE
BX | R AU 0 A 2 1) 1 ORI (byte-oriented datastream) [E)€r [ 8) g Hlizext encoding (SCF-HiTE) .
CFEENBI A ASCFEER (e 5w ) FIERAEZE. sys.stdin, sys.stdout AKX
io.StringIOo HIEH.

Bk Ebinary file (ZHERIER), BE—HELBEBRE A8l T4 &1 (bytes-like object) FIRE
ELY/LEN
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triple-quoted string (= 35I55[El=H) o = HE5]9% ( ) L5158 O) BEELS AR —MF7 . MR T
EEA R LER S | 5 B AT 3 AN BE, (HERFZ A, B2 EA K. MR
PATE 753 H A 2 A B [E] (unescaped) () 515 | 5% A& 5 [ 55, 1 HL'E AN 75 {4 38 445 JC (continuation
character) 3l W] PABS#RZZ AT, 38 (4G &4 4 25 [EIRH = R AR EA

type (ME)) —{f Python ¥R EIEE T e EREE MY SEYEEEs —MEE. —myi:
FRE R A B __class_ JBYEARFFE, DA type (obj) KiEE.

type alias (REEH) —EAERFESEE, FEiEis2EE E & — W ELT (identifier) HCHN.
HEFEZ #R R LR (type hint) A . F0:

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

FTPARISE R, R AR

Color = tuple[int, int, int]

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

w2 typing fll PEP 484, A IIhREMIHIE

type hint (MI[EFHER) —Fannotation ([FIfE), Bisc—MEE . —M class B —0 8 R 288k 5]
A TR AED

BIERR S 2B ERY , 1 RJ2 8¢ Python [EIHIAY, (HeMSERZIES M THAA H, EfE)B) IDE
SE AR 4 (completion) FIHi4# (refactoring).

A s B class JBMERI R X O & s 80 M BB R, A LM typing.
get_type_hints()ﬂ@ﬁﬁio

w20 typing Fl PEP 484, A IWIIRERIHEIA .

universal newlines (WiHI[Ef73200) —FEMEE SCTFIR (text stream) B9 52, €% DA BirAg 194 (B 5% (E)E)
—ATHI&E R Unix fTR1EM '\n'. Windows ] '\r\n' FI#E Macintosh %] '\r'., FH2[E
PEP 278 1 PEP 3116, DARH® bytes.splitlines () BIFHNHZE.

variable annotation (52([EIF%) — M5 EL class B iannotation ([EIFE).
[Ef 5 3ok class B PERE, MR(E 23PN

class C:

field: 'annotation'

SEWMEREE R MR R ERR T (type hint): BN, SEEEBIHINERIG int (EE) (4

count: int = 0

SR ¥ 15 annassign 547 REANIRE.
it 2[Elfunction annotation (FR[EIf2). PEP 484 fil PEP 526, A5 I shfenddik .

virtual environment ([EJE5REE) —(f# /EIFEE (cooperatively isolated) [ THER:, fEE Python (115 ]
FHE AR AR DA B R T 4] Python B(EIE 4, 1A € 35 ] — (M 2R 40 _LaE A7 4 HoAth Python JiE F 72
KT EEATE.

St %[E venv,

virtual machine ([EIEBERS) — ¥ 5¢ 45 b WS T 52 369 BB I (computer). Python ) [F145E 1 2% € ¥ 17
Hbytecode ((iTCAHAG) Hadanras A7 oA .

Zen of Python (Python Z[F]) Python it /s ST ERp 51 3, HLIEIAAT B BRARRIGE LR . L)
R ABBTEE B AT ICRIMA [import this] HHIHIE,
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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

B
* Fred L. Drake, Jr., J5lf Python SC{ TR AR M RIEE DA R — K EIAHI1ER .
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx 4¢f) Alternative Python Reference w1-#] H IS 2 00 5 .

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.

ZERRA | BE Fh HaE GPL &%
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI =
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 75
1.6.1 1.6 2001 CNRI 5
2.1 2.0+1.6.1 | 2001 PSF w
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 2
22 PAE 2.1.1 2001 £4 | PSF =

fiiE): GPL MIAREIAZ RN 21E GPL N #[E] Python, A4 GPL, 1) Python $ZAEHS AT DA 455 (1)
BRI A, (A B 5 o IR . GPL AHZR B #2 HE 1S Python W] PA%S & A7 GPL R
SE R HH 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 3.9.8 i) PSF 1R &%

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.9.8 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 3.9.8 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2021 Python Software Foundation; All.
—~Rights

Reserved" are retained in Python 3.9.8 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 3.9.8 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
3.9.8.

4. PSF is making Python 3.9.8 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 3.9.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.8
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.8, 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 3.9.8, 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 THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(R
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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 A PYTHON 1.6.1 & 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
[QiE3)
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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.24 ¥ PYTHON 0.9.0 & 1.2 gy CWI RS

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 ¥ PYTHON 3.9.8 [F/BA #2589 ZERO-CLAUSE BSD i%1#

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

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

socket fHAH{H ] getaddrinfo () fll getnameinfo () R, B7E WIDE EZ (http:/www.wide.ad.
ip/) [El, AT R A 28 rh i Al -

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 FEE ¥ socket JRIE

asynchat fll asyncore fAL AL & DA R AERA :

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &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 FipFEFFmgny

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

test_epoll HIgL{l A FugH:

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 B kqueue 71t & DA R 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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c #Z )2 Marek Majkowski’ 3 i Dan Bernstein ) SipHash24 {225 EHIE. BH

o

DA :

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy

of
in
to

this software and associated documentation files (the "Software"), to deal
the Software without restriction, including without limitation the rights
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 HEHALT C ) dtoa Fil strtod B, K C BB B 7 BE MO 75 HAHEE]. A%
Z 2T A David M. Gay @7 [ 4445 %8, 1235 BLAE T AGE http://www.netlib.org/fp/ N#. J* 2009 4F 3
H 16 H ks g i) R a2 40 DA RURE B2 RE R B -

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

* % ok X

*

*

*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/
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C.3.12 OpenSSL

402 OpenSSL pRsURT BEAE3E R B, Ml hashlib, posix. ssl. crypt BLALE M EAIETIAL
fiE. BLAP, Windows FI macOS [ Python 2242 BE £ OpenSSL pRzUEHRIEIA, i AR BAE
IHEHY(E] OpenSSL HZHEM Rl A -

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
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(R L —5)

% ok X ok X % ok X

ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

Lo R S A S N S N S N S S SIS S S S S S N S S T T I S S N S T S . N S S

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC Y